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INTRODUCTION

The United States Environmental Protection Agency (U.S. EPA) requires that all environmental
monitoring and measurement efforts mandated or supported by U.S EPA participate in a
centrally managed quality assurance (QA) program.

Any party generating data under this program has the responsibility to implement minimum
procedures to assure that precision, accuracy, completeness, and representativeness of its data are

/

known and documented. To ensure the responsibility is met uniformly, each party must prepare
a written QA Project Plan (QAPjP) covering each project it is to perform.

This QAPjP presents the organization, objectives, functional activities, and specific Quality
Assurance (QA) and Quality Control (QC) activities associated with the Remedial
Investigation/Feasibility Study (RI/FS) for the H.O.D. Landfill Site. This QAPjP also describes
the specific protocols which will be followed for sampling, sample handling and storage, chain of
custody, and laboratory and field analysis.

All QA/QC procedures will be in accordance with applicable professional technical standards,
U.S. EPA requirements, government regulations and guidelines, and specific project goals and

requirements. This QAPjP is prepared by Warzyn Inc. (Warzyn) in accordance with the U.S.

EPA QAPjP guidance documents:

U.S. EPA, December 1980, Interim Guidelines and Specifications for Preparing
Quality Assurance Project Plans, QAMS-005/80

U.S. EPA, May 1991, Region V Model Superfund Quality Assurance Project Plan

U.S. EPA, January 1989, Region V Content Requirements for Quality Assurance
Project Plan
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SECTION 1

PROJECT DESCRIPTION

1.1 Site History and Background Information
The H.O.D. Landfill Site (Site) is an inactive landfill located in the eastern boundary of the
Village of Antioch in Lake County in northeastern Illinois (Township 46 North, Range 10'East,
Sections 8 and 9). The Site is bordered on the south and west by Sequoit Creek. The Silver
Lake residential subdivision is located east of the Site, and agricultural land, scattered residential
areas, and undeveloped land is located to the north. A large wetland area extends south of the
Site from Sequoit Creek. Silver Lake is located approximately 200 feet southeast of the Site. A
large industrial park area (Sequoit Acres Industrial Park), constructed on former landfill and fill
areas, is located west of the Site and borders Sequoit Creek. Refer to Figure 1-1 fof the Site
Location Map.

The Site consists of a total of 80 acres, of which 51 acres which have been landfilled. Although
the landfilled area is visually continuous, it consisted of two separate landfill areas, identified as
the "old" and "new" landfills. The "old" landfill, consisting of 24.2 acres situated on the western
third of the property, operated between 1963 and 1975. The "new" landfill, consisting of 26:8
acres situated immediately east of the "old" landfill, operated between 1975 and 1984. The
landfill accepted both municipal waste and a variety of industrial and special wastes.

A more detailed description of the site history and background are contained in the Work Plan.

1.2 Past Data Collection Activity / Current Status
The Site has been subject to a number of investigations since 1973. A discussion of the

investigations is provided in Section 3.1.6 of the Work Plan.
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A Preliminary Assessment (PA) was prepared by the E&E Field Investigation Team (FIT) for

U.S. EPA in 1983. The FIT conducted a site inspection on July 10, 1984; the Site was given a
Hazard Ranking System (HRS) model score of 52.02. At that time, the U.S. EPA proposed the
Site be placed on the National Priorities List (NPL).

An Expanded Site Inspection (ESI) was conducted by E&E during the period of 1986 through
1989. resulting in an ESI report submitted to U.S. EPA on September 22 , 1989. In January
1990. the H.O.D. Landfill was rescored under the HRS and received a revised score of 34.68.

The Site was placed on the NPL in February 1990. On August 20, 1990 Waste Management of
Illinois, Inc. (WMII) and U.S. EPA entered an Administrative Order on Consent (AOC) to
conduct a Potentially Responsible Party (PRP) lead RI/FS at the Site. Warzyn was contracted by

WMII to support the PRP lead RI/FS effort in developing the RI/FS Work Plan and other
planning documents, including this QAPjP.

1.3 Project Objectives and Scope
The purpose of the RI is to gather sufficient information to quantify risk to public health and
environment (Baseline Risk Assessment) and to develop and evaluate viable remedial
alternatives (Feasibility Study) at the Site. The objectives of the RI are to determine the nature
and extent of contamination at the Site in order to support the activities of the FS. The objective

of the RI/FS is to develop and evaluate appropriate remedial action alternatives based on the
RI/FS data.

The objectives of the data collection are as follows:

• Further define the nature and extent of contamination in previously identified on-site
and off-site areas
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• Determine the nature and extent of contamination in previously uninvestigated areas

• Collect sufficient data on all contaminated media to support the baseline risk

assessment and feasibility study.

All tasks, subtasks and activities are directed toward the accomplishment of these primary
objectives. Refer to the Work Plan Section 4.4.3 for a detailed description of the RI tasks,

subtasks and activities.

1.4 Sample Network Design and Rationale
The sample network design ami rationale for sample locations is described in detail in Section 3
of the Sampling and Analysis Plan (SAP) (refer to Appendix A).

1.5 Parameters to be Tested and Frequency
Sample matrices, analytical parameters, and frequencies of sample collection can be found in
Table 1-1. A summary of sample volume, bottle, preservative, and packaging requirements is
provided in Table 1 -2.

1.6 Intended Data Usage and Data Quality Objectives
Data Quality Objectives (DQOs) are qualitative and quantitative statements which specify the
quality of the data required to support decisions made during the RI/FS activities, and are based
on the end uses of the data to be collected. As such, different data uses may require different
levels of data quality. There are five analytical levels which address various data uses and the
QA/QC effort and methods required to achieve the desired level of quality. These levels are:

• Screening (DQO Level I): This provides the lowest data quality but the most rapid
results. It is often used for health and safety monitoring at the Site, preliminary

comparison to Applicable or Relevant and Appropriate Requirements (ARARs),
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Target Compound List (TCL) organic and Target Analyte List (TAL) inorganic
parameters for groundwater, sediment/soil, leachate, and surface water matrices. Low
level TCL organic and low level TAL inorganic data for municipal/private wells will
also fall under DQO Level IV.

• Non-Standard (DQO Level V): This refers to analyses by non-standard protocols, for
example, when exacting detection limits or analysis of an unusual chemical compound
is required. These analyses often require method development or adaptation. The
level of quality control is usually similar to DQO Level IV data. For the H.O.D.
Landfill Site, data generated under DQO Level V are the volatiles for the landfill gas
samples and indicator parameters (alkalinity, chloride, hardness, sulfate, total organic
carbon (TOC), total dissolved solids (TDS)^ nitrate nitrogen, nitrite nitrogen, and
ammonia nitrogen) for groundwater and leachate.

A summary of data generating activities, intended data uses and associated DQOs for the H.O.D.
Landfill Site are presented in Table 1-3.

1.7 Project Schedule
A schedule of RI/FS activities for the H.O.D. Landfill Site is summarized in Figure 1-2.
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Target Compound List (TCL) organic and Target Analyte List (TAL) inorganic
parameters for groundwater, sediment/soil, leachate, and surface water matrices. Low
level TCL organic and low level TAL inorganic data for municipal/private wells will
also fall under DQO Level IV.

\

• Non-Standard (DQO Level V): This refers to analyses by non-standard protocols, for
example, when exacting detection limits or analysis of an unusual chemical compound
is required. These analyses often require method development or adaptation. The
level of quality control is usually similar to DQO Level IV data. For the H.O.D.
Landfill Site, data generated under DQO Level V are the volatiles for the landfill gas
samples and indicator parameters (alkalinity, chloride, hardness, sulfate, total organic
carbon (TOC), total dissolved solids (TDS), nitrate nitrogen, nitrite nitrogen, and
ammonia nitrogen) for groundwater and leachate.

A summary of data generating activities, intended data uses and associated DQOs for the H.O.D.
Landfill Site are presented in Table 1-3.

•

1.7 Project Schedule
A schedule of RI/FS activities for the H.O.D. Landfill Site is summarized in Figure 1-2.
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SECTION 2

PROJECT ORGANIZATION AND RESPONSIBILITY

Warzyn will be conducting all phases of the RI/FS. Warzyn will perform the field investigation,
prepare the RI report, and perform the subsequent feasibility study. Project management will
also be provided by Warzyn, under the direction of WMII. The various quality assurance and
management responsibilities of key project personnel-are defined below. Refer to Figure 2-1 for
the project organizational chart.

2.1 Overall Responsibility
U.S. EPA Remedial Project Manager
The U.S. EPA Remedial Project Manager (RPM) is Fred Micke. The RPM has the overall
responsibility for all phases of the RI/FS.

IEPA State Project Manager
The IEPA State Project Manager is Charlene Falco. The IEPA State Project Manager will be
involved in the project as agreed 'between U.S. EPA and IEPA.

WMJI Site Project'Manager
The Site Project Manager is March Smith. The Site Project Manager is responsible for

implementing the project, and has the authority to commit the resources necessary to meet
project objectives and requirements. The Site Project Manager's primary function is to ensure
that technical, financial, and scheduling objectives are achieved successfully and will provide the
major point of contact and control for matters concerning the project.
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Warzyn Project Manager
The Warzyn Project Manager is Gary Parker. The Warzyn Project Manager has the overall

responsibility for ensuring that the project meets U.S. EPA objectives and Warzyn's quality
standards. In addition, he is responsible for technical quality control and project oversight, and
will provide the Site Project Manager with access to corporate management.

The WMII Site Project Manager and Warzyn Project Manager will:

• Define project objectives and develop a detailed work plan schedule

• Establish project policy and procedures to address the specific needs of the project as>
a whole, as well as the objectives of each task

• Acquire and apply technical and corporate resources as needed to ensure performance
within budget and schedule constraints

• Orient all field leaders and support staff concerning the project's special
considerations

• Monitor and direct the field leaders

• Develop and meet ongoing project and/or task staffing requirements, including
mechanisms to review and evaluate each task product

• Review the work performed on each task to ensure its quality, responsiveness, and
timeliness

• Review and analyze overall task performance with respect to planned requirements
and authorizations

• Approve all external reports (deliverables) before their submission to U.S. EPA

• Ultimately be responsible for the preparation and quality of interim and final reports

• Represent the project team at meetings and public hearings
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Warzyn Remedial Investigation Leader
The Warzyn RI Leader is Al Schmidt. The RI Leader is a support to the Warzyn Project
Manager. He is responsible for leading and coordinating the day-to-day activities of the various
resource specialists under his supervision. The RI Leader is a highly experienced environmental
professional and will report directly to the Warzyn Project Manager. Specific responsibilities
include:

• Provision of day-to-day coordination with the Project Managers on technical issues in
specific areas of expertise

• Development and implementation of field-related work plans, assurance of schedule
compliance, and adherence to management-developed study requirements

• Coordination and management of field staff including sampling, drilling, and other
investigative work

• Implementation of QC for technical data provided by the field staff including field
measurement data

• Adherence to established project schedule

• Review and approval of text and graphics required for field team efforts

• Coordination and oversight of technical efforts of subcontractors assisting the field
team

• Identification of problems at the field team level, discussion of resolutions with the
Project Managers, and provision of communication between team and upper
management

• Participation in the preparation of the final RI report

Technical Staff
The technical staff for this project will be drawn from Warzyn's pool of company resources. The

technical team staff will be utilized to gather and analyze data, and to prepare various task reports

and support materials. All of the designated technical team staff are experienced professionals
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who possess the degree of specialization and technical competence required to effectively and
efficiently perform the required work.

Warzyn Quality Assurance Officer
The Warzyn Quality Assurance Officer (QAO) is Kevin Domack. The QAO will remain
independent of direct job involvement and day-to-day operations, and has direct access to
corporate executive staff as necessary to resolve any QA dispute. He is responsible for auditing

the implementation of the QA program in conformance with the demands of specific
investigations, Warzyn's policies, and U.S. EPA requirements. Specific functions and duties
include:

• Provide QA audit on various phases of the field operations

• Review and approval of QA plans and procedures

• Provide QA technical assistance to project staff

U.S. EPA Quality Assurance Manager

The U.S. EPA QAM has the responsibility to review and approve the QAPjP. The U.S. EPA
QAO is Valeric Jones.

2.2 Specialized Responsibilities
2.2.1 Monitoring and Sampling Operations and QC

• Principal Engineering Firm - Warzyn, Chicago, Illinois

• Drilling - To be determined through bidding process

• Sampling, Monitoring and Survey - Warzyn, Chicago, Illinois

• On Site Day-to-day Field Activities - RI Leader, Warzyn, Chicago, Illinois
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• Quality Control - QAO, Warzyn, Chicago, Illinois

2.2.2 Laboratory Analysis
• Analysis of groundwater, surface water, sediment/soil, and leachate samples for TCL

organics and TAL inorganics as specified in Table 1-1:

Environmental Testing and Certification Corporation (ETC)

284 Raritan Center Parkway
Edison, New Jersey 08818

• Analysis of sediment/soil for TOC as specified in Table 1 -1:

ETC

284 Raritan Center Parkway
Edison, New Jersey 08818

• ' Analysis of groundwater and leachate for indicator parameters (alkalinity, chloride,

hardness, sultate, TOC, TDS, nitrate nitrogen, nitrite nitrogen, and ammonia nitrogen)
as specified in Table 1-1:

Warzyn Analytical Laboratory
One Science Court

Madison, WI 53711

• Analysis of municipal/private well samples for low level TCL organics as specified in
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Table 1-1:

CompuChem Laboratories
3308 Chapel Hill/Nelson Highway

Research Triangle Park, NC 27709

Analysis of municipal/private well samples for low level TAL inorganics as specified
in Table 1-1:

Warzyn Analytical Laboratory
One Science Court
Madison, WI 53711

Analysis of landfill gas samples for volatile organics as specified in Table 1-1:

Enseco - Air Toxics Laboratory
9537 Telstar Avenue, Suite 118
El Monte, California 91731

Analysis of sediment/soil samples for physical characteristics (grain size, natural
moisture content, atterberg limits, permeability, and density) as specified in Table 1-1:

Warzyn Soils Laboratory

505 Science Drive, Suite C
Madison, Wisconsin 53711

Analysis of soil samples for clay mineralogy using x-ray diffraction as specified in
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Table 1-1:

Core Laboratories Inc.
1875 Monetary Lane
Carrollton, Texas 75006

2.2.3 Laboratory Data and QC
Laboratory Data

• Analytical protocol specified - Warzyn, Chicago, Illinois

• Review of analytical protocol - ETC, Edison, New Jersey

• Review of analytical procedures - U.S. EPA Region V Quality Assurance Section
(QAS) and Central Regional Laboratory (CRL), Chicago, Illinois

Internal QA/QC - Laboratory QAO, ETC, Edison, New Jersey

• Final data review and validation - Chemist, Warzyn, Chicago, Illinois

• Review of tentatively identified compounds and assessment of need for confirmation -
Chemist, Warzyn, Chicago. Illinois

2.2.4 Performance and Systems Audits
Field Operations

• Internal Audits - QAO, Warzyn, Chicago, Illinois

External Audits - U.S. EPA Region V CRL and Central District Office (CDO).

Chicago, Illinois
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Analytical Laboratories
• Internal Audits - Laboratory QAO, ETC, Edison, New Jersey

External Audits - U.S. EPA Region V CRL, Chicago, Illinois

Final Evidence File
• Final Evidence File Audits - QAO, Warzyn, Chicago, Illinois
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SECTION 3

QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

The overall QA objective is to develop and implement procedures for field sampling, chain-of-
custody, laboratory analysis, and reporting that will provide results which are legally defensible
in a court of law. Specific procedures for sampling, chain-of-custody, laboratory instruments
calibration, laboratory analysis, reporting of data, internal quality control, audits, preventive
maintenance of field equipment, and corrective action are described in other sections of this
QAPjP. The purpose of this section is to address the specific objectives for accuracy, precision,
completeness, representativeness, and comparability.

3.1 Level of Quality Control Effort
Field blank, trip blank, duplicate, and matrix spike samples will be analyzed to assess the quality
of the data resulting from the field sampling program. Field and trip blanks consisting of
deionized water, will be submitted to the analytical laboratories to provide the means to assess
the quality of the data resulting from the field sampling program. Field blank samples are
analyzed to check for procedural contamination at the Site which may cause sample
contamination. Trip blanks are used to assess the potential for contamination of samples due to
contaminant migration during sample shipment and storage. Duplicate samples are analyzed to
check for sampling and analytical reproducibility. Matrix spikes provide information about the
effect of the sample matrix on the digestion and measurement methodology. Matrix spikes are
performed in duplicate for organic analyses, and are hereinafter referred to as matrix spike/matrix
spike duplicate (MS/MSD) samples. MS/MSD samples are designated/collected for organic
analyses only.
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The general level of the QC effort will be one field duplicate and one field blank for every 10 or
fewer investigative samples. "One volatile organic analysis (VOA) trip blank consisting of
deionized, ultra pure water, will be included along with each shipment of aqueous VOA samples.

MS/MSD samples are not investigative samples; they are QC analyses performed on separate
aliquots of investigative samples. Soil MS/MSD samples require no extra volume for VOAs or
extractable organics. However, aqueous MS/MSD samples must be collected at triple the
volume for VOAs and double the volume for extractable organics. One MS/MS.D sample will be
collected/designated for every 20 or fewer investigative samples per sample matrix (i.e.,
groundwater, soil). The number of field duplicate and field blank samples to be collected for this
Site are listed in Table 1-1. Sampling procedures are specified in the SAP (refer to Appendix A).

Soil/sediment, landfill gas, groundwater, surface water, leachate, municipal well, and private

well samples will be sent to ETC, CompuChem, Enseco - Air Toxics Laboratory, Warzyn, and
Core for analysis. Parameter lists and required quantitation levels are summarized in Tables 3-1,
3-2, 3-3, 3-4, 3-5, and 3-6.

The level of laboratory QC effort for testing of TAL inorganics and TCL organics is specified in

the current CLP Statements of Work (SOWs): ILM02.0 for inorganics (including low level
inorganics), OLM01.8 for organics, and OLC01.0 for low level organics. The levels of
laboratory QC effort for indicator parameters, field measurements, physical characteristics, and

landfill gas volatiles are specified in Table 3-7.

3.2 Accuracy. Precision and Sensitivity of Analyses
The fundamental QA objective with respect to accuracy, precision, and sensitivity of laboratory

analytical data is to achieve the QC acceptance criteria of the analytical protocols.
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TCL Organics/TAL Inorganics
Laboratory analysis of TCL organics and TAL inorganics will follow the current CLP SOWs
(OLM01.8 for organics, ILM02.0 for inorganics). The accuracy and precision, and sensitivity
requirements are summarized within the CLP SOWs.

Low Level TCL Organics/TAL Inorganics
«

The laboratory analysis of low level TCL organics for private and municipal well samples will
follow the current CLP SOW OLC01.0. The accuracy and precision, and sensitivity
requirements for the low level TCL organics are summarized within the CLP SOW. The
laboratory analysis of low level TAL inorganics for private and municipal well samples will
follow the SOPs provided in Appendix B. The accuracy and precision requirements for the low
level TAL inorganics are the same as those in the CLP SOW ILM02.0. The sensitivity
requirements for these analyses are summarized in Table 3-4.

Indicators
SOPs for the indicator parameters (alkalinity, chloride, hardness, sulfate, TOC, TDS, nitrate
nitrogen, nitrite nitrogen, and ammonia nitrogen) are provided in Appendix B. The accuracy and
precision requirements for these analyses are summarized in Table 3-7. The sensitivity

requirements for these analyses are summarized in Table 3-6.

Physical Characteristics

Physical characteristics of grain size, natural moisture content, atterberg limits, density, TOC,
and clay mineralogy will follow the methods provided in Appendix B. The accuracy, precision,

and sensitivity requirements for these analyses are summarized in Table 3-7.
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Landfill Gas Volatiles
The SOP for the analysis of landfill gas for volatiles is provided in Appendix B. The accuracy
and precision requirements are summarized in Table 3-7. The sensitivity requirements are

summarized in Table 3-5.

Field Measurements
SOPs for the field equipment to measure pH, conductivity, temperature, dissolved oxygen, redox
potential, methane, oxygen, carbon dioxide, Hnu screening of drill cuttings and are provided in
Appendix C. The accuracy and precision requirements of these analyses are summarized in
Table 3-7. The sensitivity requirements of these analyses are summarized in Table 3-6.

3.3 Completeness, Representativeness and Comparability

Completeness is a measure of the amount of valid data obtained from a measurement system
compared to the amount that was expected to be obtained under normal conditions. It is
expected that the participating laboratories will provide data meeting QC acceptance criteria for
95 percent or more for all samples tested using the SOWs and SOPs referenced in Section 3.2.
Following completion of the analytical testing, the percent completeness will be calculated by the
following equation:

Completeness (%) = A/B x 100

where, A = number of valid data
B = number of samples collected for each parameter analyzed

Representativeness expresses the degree to which data accurately and precisely represent a
characteristic of a population, parameter variations at a sampling point, a process condition, or an
environmental condition. Representativeness is a qualitative parameter which is dependent upon
the proper design of the sampling program and proper laboratory protocol. The sampling
network was designed to provide data representative of Site conditions. During development of
this network, consideration was given to past waste disposal practices, existing analytical data,
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physical setting and processes, and constraints inherent to the Superfund program. The rationale
of the sampling network is discussed in detail in the SAP. Representativeness will be satisfied
by insuring that the SAP is followed, proper sampling technique are used, proper analytical
procedure are followed, and holding times of the samples are not exceeded in the laboratory.
Representativeness will be assessed by the analysis of field duplicate samples.

Comparability expresses the confidence with which one data set can be compared with another.
The extent to which existing and planned analytical data will be comparable, depends on the
similarity of sampling and analytical methods. The procedures used to obtain the planned
analytical data, as documented in the QAPjP, are expected to provide comparable data. These
new analytical data, however, may not be directly comparable to existing data because of
differences in procedures and QA objectives.
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SECTION 4

SAMPLING PROCEDURES

4.1 Sampling Procedures
Sampling procedures are described in the SAP which is contained in Appendix A of this
document.

4.2 Bottle Requirements
The contaminant-free sample containers (bottles) used for analyzing TCL organics, TAL
inorganics, and indicator parameters for the H.O.D Landfill Site will be prepared according to
the procedures specified in U.S. EPA's Specifications and Guidance for Obtaining Contaminant-
Free Sample Containers. April 1990. It will assure that the bottles used for the sampling activity
do not contain contaminants exceeding the level specified in the above-mentioned document.
Specifications for the bottles will be verified by checking the supplier's certified statement and
analytical results for each bottle lot, and will be documented on a continuing basis. This data
will be maintained in the project evidence file, and will be available, if requested, for EPA
review.

In addition, the data for field blanks and trip blanks will be monitored for contamination, and
corrective actions will be taken as soon as a problem is identified. This will be accomplished
either by discontinuing the use of a specific bottle lot, contacting the bottle supplier(s) for
retesting a representative bottle from a suspect lot, resampling the suspected samples, validating
the data taking into account that the contaminants could be introduced by the laboratory (i.e.,
common lab solvents, sample handling artifacts, etc.) or could be a bottle QC problem, so as to
make an educated determination of whether the bottles and hence the data are still usable, etc.,
whichever is appropriate.
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SECTION 5

SAMPLE CUSTODY AND DOCUMENTATION

It is U.S. EPA policy to follow the U.S. EPA sample custody, or chain of custody protocols
•

described in "NEIC Policies and Procedures", EPA-330/9-78-DDI-R, Revised June 1985. This
custody is in three parts: sample collection, laboratory analysis, and final evidence files. Final
evidence files, including all originals of laboratory reports and purge files, are maintained under
document control in a secure area.

A sample or evidence file is under your custody if they:

• Are in your possession
• Are in your view, after being in your possession
• Are in your possession and you place them in a secured location
• Are in a designated secure area

5.1 Field Specific Custody Procedures
The sample packaging and shipment procedures summarized below will assure that the samples
will arrive at the laboratory with the chain of custody intact. The protocol for sample
designations are included in the SAP, Appendix A of this QAPjP.

5.1.1 Initiation of Chain of Custody Field Procedures
The field sampler is personally responsible for the care and custody of the samples until they are
transferred or properly dispatched to the laboratory. As few people as possible should handle the
samples. All bottles will be tagged with sample numbers and locations. Sample tags are to be
completed for each sample using waterproof ink unless prohibited by weather conditions. For
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example, a logbook notation would explain that a pencil was used to fill out the sample tag
because the ballpoint pen would not function in freezing weather.

The RPM will review all field activities to determine whether proper custody procedures were
followed during the field work and decide if additional samples are required.

5.1.2 Field Logbooks/Documentation

Field logbooks will provide the means of recording data collecting activities performed. As
such, entries will be described in as much detail as possible so that persons going to the site
could re-construct a particular situation without reliance on memory.

Field logbooks will be bound, field survey books or notebooks. Logbooks will be assigned to

field personnel, but will be stored in the document control center when not in use. Each logbook

will be identified by the project-specific document number.

The title page of each logbook will contain the following:

• Person to whom the logbook is assigned

• Logbook number
• Project name
• Project start date
• Project end date

Entries into the logbook will contain a variety of information. At the beginning of each entry,
the date, start time, weather, names of all sampling team members present, level of personal
protection being used, and the signature of the person making the entry will be entered. The
names of visitors to the site, field sampling or investigation team personnel, and the purpose of
their visit will also be recorded in the field logbook.
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Measurements made and samples collected will be recorded. All entries will be made in ink, and
no erasures will be made. If an incorrect entry is made, the information will be crossed out with

a single strike mark, initialed, and dated by the person making the crossout. Whenever a sample
is collected, or a measurement is made, a detailed description of the location of the station, which
includes compass and distance measurements, shall be recorded. The number of the photographs
taken of the station, if any, will also be noted. All equipment used to make measurements will Be
identified, along with the date of calibration.

Samples will be collected following the sampling procedures documented in the SAP, Appendix
A of this QAPjP. The equipment used to collect samples will be noted, along with the time of
sampling, sample description, depth at which the sample was collected, volume and number of
containers. A sample identification number will be assigned prior to sample collection. Field
duplicate samples, which will receive an entirely separate sample identification number, will be
noted under sample description.

5.1.3 Transfer of Custody and Shipment Procedures
Samples are accompanied by a properly completed chain of custody form. The sample numbers
and locations will be listed on the chain of custody form. When transferring the possession of
samples, the individuals relinquishing and receiving will sign, date, and note the time on the
record. This record documents transfer of custody of the samples from the sampler to another
person to a mobile laboratory, to the permanent laboratory, or to/from a secure storage area.

Samples will be properly packaged for shipment and dispatched to the appropriate laboratory for
analysis, with a separate signed custody record enclosed in each sample box or cooler. Shipping
containers will be locked and secured with strapping tape and custody seals for shipment to the

laboratory. The preferred procedure includes the use of a custody seal attached to the front right
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and back left of the cooler. The custody seals are covered with clear plastic tape. The cooler is
strapped shut with strapping tape in at least two locations.

Whenever samples are split with another source or government agency, a separate sample
custody record is prepared for those samples, and marked to indicate with whom the samples are
being split with. The person relinquishing the samples to the facility or agency should request
the representatives signature acknowledging the sample receipt. If the representative is
unavailable or refuses, the person relinquishing the samples should note this in the "received by"
space of the custody form.

All shipments will be accompanied by the chain of custody record identifying the contents. The
original record will accompany the shipment, and the pink and yellow copies will be retained by
the sampler for returning to the sampling office.

If the samples are sent by common carrier, a bill of lading should be used. Receipts of bills of
lading will be retained as part of the permanent documentation. If sent by mail, the package will
be registered with return receipt requested. Commercial carriers are not required to sign off on
the custody forms as long as the custody forms are sealed inside the sample cooler, and the
custody seals remain intact. The person shipping the samples should note the carrier name and
airbill number on the chain of custody record.

5.2 Laboratory Chain of Custody Procedures
Laboratory custody procedures for the sample receiving and log-in; sample storage; tracking

during sample preparation and analysis; and storage of data are described in the individual
laboratory custody SOPs provided in Appendix D.
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5.3 Final Evidence File Custody Procedure
The final evidence file for the H.O.D. Landfill RI/FS will be located at and maintained by

Warzyn. The content of the evidence file will include all relevant records, reports,
correspondence, logs, field logbooks, laboratory sample preparation and analysis
logbooks/documentation, analytical data packages, pictures, subcontractor reports, chain of
custody records/forms, data review reports, etc. The evidence file will be under custody of the
file custodian in a locked, secured area.
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SECTION 6

CALIBRATION PROCEDURES AND FREQUENCY

— This section describes procedures for maintaining the accuracy of all the instruments and
measuring equipment which are used for conducting field tests and laboratory analyses. These

~" instruments and equipment should be calibrated prior to each use or scheduled, periodic basis.

6.1 Field Instruments/Equipment
---••^

-^_ Instruments and equipment used to gather, generate, or measure environmental data will be
i calibrated with sufficient frequency and in such a manner that accuracy and reproducibility of

.—j
results are consistent with the manufacturer's specifications.

Equipment to be used during the field sampling will be examined to certify that it is in operating
_j condition. This includes checking the manufacturer's operating manual and the instruction and
_, the instructions for each instrument to ensure that all maintenance requirements are being
— observed. Field notes from previous sampling trips will be reviewed so that the notation on any
— • ~ ) " prior equipment problems are not overlooked, and all necessary repairs to equipment have been
— ^ carried out.

~~ Field instruments will be calibrated daily. Calibration procedures for field instruments are
} ^ governed by the specific field SOPs provided in Appendix C. Field measurements include pH,

conductivity, temperature, dissolved oxygen, redox potential, methane, oxygen, carbon dioxide,
™i

and Hnu screening of drill cuttings. '
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6.2 Laboratory Instruments
Procedures for the calibration of laboratory instruments must be established and maintained to
ensure that equipment is functioning properly and that data collected are accurate and reliable.
Requirements include step-by-step calibration procedures, frequency of re-calibration, equipment
maintenance logs, instrument accuracy criteria, corrective action procedures and equipment
limitations (e.g., working ranges), and are described, in detail, in the SOPs provided in Appendix
B, and the SOWs for organics and inorganics.
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SECTION 7

ANALYTICAL PROCEDURES

Groundwater, private/municipal well, surface water, soil/sediment, landfill gas, and leachate
samples collected during field sampling activities for the H.O.D. Landfill Site RI will be
analyzed by ETC, CompuChem, Enseco - Air Toxics Laboratory, Warzyn, and Core (see Table
1-1). Refer to Table 7-1 for a summary of analytical method references used for analysis.

7.1 Field Screening Analytical Protocols
The procedures for the field measurement of pH, conductivity, temperature, dissolved oxygen,
redox potential, methane, oxygen and carbon dioxide are described in the SOPs provided in
Appendix C.

7.2 Laboratory Analysis
Samples (groundwater, surface water, soil/sediment, and leachate samples) for CLP TCL
organics and CLP TAL inorganics will be analyzed by ETC according to the analytical
procedures set forth in the current CLP SOWs OLM01.8 for organics analysis, and ILM02.0 for
inorganic analysis. Indicator parameters analyzed by Warzyn will follow the SOPs in Appendix
B.

Low level TCL organic analysis of municipal/private wells by CompuChem will utilize the

current low level CLP SOW OLC01.0. Low level TAL inorganic analysis for municipal/private

wells analyzed by Warzyn will follow the SOPs set forth in Appendix B.

Landfill gas samples for volatiles will be analyzed by Enseco - Air Toxics Laboratory according

to the SOP set forth in Appendix B.
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Analysis of soil/sediments for physical characteristics will be performed by Warzyn (TOC for
soil/sediment analyzed by ETC and clay mineralogy will be performed by Core Laboratories)
using the methods provided in Appendix B.
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SECTION 8

INTERNAL QUALITY CONTROL CHECK

8.1 Field Sample Collection
The assessment of field sampling precision and accuracy will be made through the collection of
field duplicates and field blanks in accordance with the procedures described in the SAP
(Appendix A of this QAPjP). Refer to Table 1-1 for a summary of sample numbers and required
field QC samples.

8.2 Field Measurements
QC procedures for field measurements of pH, conductivity, temperature, dissolved oxygen,
redox potential, methane, oxygen, and carbon dioxide are limited to checking the reproducibility
of the measurements by obtaining multiple readings on a single sample or standard, and by
calibrating the instruments. Refer to Table 3-7 fora summary of QC requirements.

8.3 Laboratory Analysis
The laboratories used for the analysis of samples for the H.O.D. Landfill Site (ETC,
CompuChem, Enseco - Air Toxics Laboratory, Warzyn and Core Laboratories) have written
QA/QC programs which provides rules and guidelines to ensure the reliability and validity of
work conducted at the laboratory. Compliance with the QA/QC program is coordinated and
monitored by the laboratory QAOs, which are independent of the operating departments.
Laboratory procedures used are documented in writing and are provided or referenced in this
QAPjP. Internal quality control checks are an integral part of the analytical methods, and are
discussed in detail within the analytical procedures. The overall objectives of the internal quality
control checks are to verify the established precision, accuracy and integrity of the methodology
and to support the technical validity of the data. Where appropriate, internal quality control
checks for analyses other than those following the CLP SOWs will include method blanks.
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preparation/reagent blanks, calibration check samples, laboratory duplicates, matrix spikes and
continuing calibration standards.

The required quality control frequency and performance criteria for TCL organics and TAL
inorganics are summarized in the current CLP SOWs OLM01.8 and ILM02.0, respectively. The
required QC frequency and performance criteria for low level organics are summarized in the
current CLP SOW OLC01.0.

The required quality control frequency and performance criteria for the indicator parameters,
landfill gas volatiles, physical characteristics, and low level TAL inorganics are summarized in
Table 3-7.

The performing laboratories will document, in each data package provided, that both initial and
ongoing instrument and analytical QC functions have been met. Any samples analyzed in non-
conformance with the QC criteria set forth will be reanalyzed by the laboratory. It is expected
that sufficient sample volume will be collected for re-analyses.
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SECTION 9

DATA REDUCTION, VALIDATION AND REPORTING

9.1 Field Measurements and Sample Collection
Raw data from field measurements and sample collection activities will be appropriately
recorded in the field logbook. Data will be reviewed to ensure procedures were followed and QC
requirements were met, however, no formal data validation effort will be performed. If the data
are to be used in the project reports, they will be reduced onto data summary tables.

9.2 Laboratory Services
9.2.1 Data Reduction
Each laboratory is responsible for identification, quantification, data reporting, and data
deliverables for the analyses performed. Data reduction of TCL organic, low level TCL organic,
and landfill gas volatile data will follow the requirements set forth in the CLP SOWs (OLM01.8
and OLC01.0). Data reduction of TAL inorganic, low level TAL inorganic, and indicators data
will follow the requirements set forth in the CLP SOW ILM02.0. Deliverables will include raw
data, summaries of calibration standards, duplicates, spikes, blanks, and performance evaluation
samples.

9.2.2 Data Validation
Organic data (including low level TCL organics and landfill gas volatiles) generated under a
DQO level of IV or V will be validated by Warzyn using Laboratory Data Validation Functional
Guidelines for Evaluating Organics Analyses, February 1988.

Inorganic data (including low level TAL inorganics) generated under a DQO level of IV will be
validated by Warzyn using Laboratory Data Validation Functional Guidelines for Evaluating
Inorganics Analyses, July 1988.
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Indicator data generated under a DQO level of V will be validated by Warzyn using the Data
Validation SOP provided in Appendix E.

Physical characteristic data (DQO level III) will be reviewed to ensure procedures were followed
and QC requirements were met, however, no formal data validation effort will be performed.

Refer to Table 1-2 for a summary of data generating activities, intended data uses, and associated
DQOs for the H.O.D. Landfill Site.

9.2.3 Data Reporting
Analytical data generated for the H.O.D. Landfill Site RI/FS will be computerized in a format

organized to facilitate data review and evaluation. The computerized data set will include the
data qualifiers provided by the performing laboratory in accordance with the CLP SOWs, as well
as qualifiers added by the data reviewer in accordance with the data validation procedures noted
in Section 9.2.2 of this QAPjP.

The laboratory-provided qualifiers will include such items as:

• Non-detects
• Concentration below required detection limit
• Estimated concentration due to poor QC data
• Concentration of chemical also found in the laboratory blank
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The data review qualifiers will indicate whether the data are:

• Usable as a quantitative concentration
• Usable with caution as an estimated concentration
• Unusable due to out-of-control QC results

A summary of the validated data will be incorporated into the RI report.
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SECTION 10

PERFORMANCE AND SYSTEM AUDITS

Performance and system audits of both field and laboratory activities will be conducted to verify
that sampling and analysis are performed in accordance with the procedures established in the
SAP and QAPjP. The audits of field and laboratory activities include two separate independent
parts: internal and external audits.

10.1 Field Audits
10.1.1 Internal Audits
Internal audits of field activities (sampling and measurements) will be conducted by the Warzyn
QAO and/or RI Leader. The purpose of the field audit will be to evaluate and document
adherence to procedures described in the QAPjP and SAP. The audit will include review of field
activities, sample documentation, chain of custody forms, field logbooks, and sampling and
decontamination activities. Follow-up audits will be conducted to correct deficiencies, and to
verify that QA procedures are maintained throughout the investigation.

10.1.2 External Audits
External audits conducted will be the responsibility of the U.S. EPA CRL and/or CDO.

10.2 Laboratory Audits

10.2.1 Internal Audits
The purpose of the internal laboratory audit is to evaluate and document adherence to analytical
procedures described in this QAPjP. Internal audits of the participating laboratories are the
responsibility of the individual laboratory QAO. System audits will include examination of
laboratory documentation on sample receiving, sample log-in, sample storage, chain of custody
procedure, sample preparation and analysis, instrument operating records, etc., and will be
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performed annually. Performance audits consisting of blind QC samples prepared and submitted
to the laboratory for analysis, will be performed quarterly. Results of these blind QC samples
will be reviewed by the laboratory QAO.

10.2.2 External Audits
The U.S. EPA CRL will audit performing laboratories and provide recommendations for
approval of the laboratory for the requested analyses to the U.S. EPA RPM. The audit may

consist of a review of analytical and chain of custody procedures, evaluation of performance
samples, and may also include an on-site audit of each participating laboratory.
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SECTION 11
PREVENTATIVE MAINTENANCE

11.1 Field Instruments/Equipment
Field equipment used for this project include: thermometers, pH meter, conductivity meter,
dissolved oxygen meter, redox meter, gas-tech meter, and sampling and filtering equipment.
Specific preventative maintenance procedures to be followed for field equipment are those
recommended by the manufacturer.
Field instruments will be checked and calibrated before they are transported to the field. These
instruments will be checked and calibrated daily before use. Calibration checks will be
performed as noted in Table 3-7 and will be recorded in the field logbook.

Critical spare parts such as electrodes, batteries, and pH probes will be kept on-site to minimize
instrument down time. Backup instruments and equipment will be available within on-day
shipment to avoid delays in the field schedule.

11.2 Laboratory Instruments
Preventative maintenance procedures for laboratory instrumentation and equipment for TCL
organics (including low level TCL organics and landfill gas volatiles) are referenced in the
current CLP SOWs OLM01.8 and OLC01.0. Preventative maintenance procedures for
laboratory instrumentation and equipment for TAL inorganics (including low level TAL
inorganics) are referenced in the current CLP SOW ILM02.0.

Preventative maintenance of laboratory instruments associated with the indicator parameters will
be as directed with manufacturer's specifications, instrument operating procedures, and
analytical methods. Maintenance is carried out on a regular, scheduled basis, and is documented
in the instrument service logbook for each instrument. Emergency repair or scheduled
manufacturer's maintenance is provided by an on-site technician or maintenance contract with
the factory representatives.
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SECTION 12

SPECIFIC ROUTINE PROCEDURES USED TO ASSESS

DATA PRECISION, ACCURACY, AND COMPLETENESS

12.1 Field Measurements
Field data will be assessed by the Site QAO. The Site QAO will review the field results for
compliance with the established QC criteria that are specified in the QAPjP and SAP. Accuracy
of field measurements will be assessed using daily instrument calibration, calibration check, and
blank data. Precision will be assessed on the basis of reproducibility by taking multiple readings
of a single sample. Data completeness will be calculated as follows:

Completeness = Valid Data Obtained x 100
Total Data Planned

12.2 Laboratory Data

12.2.1 Precision

Precision of laboratory analysis will be assessed by comparing the analytical results between
MS/MSD for organic analysis, and laboratory duplicate analyses for inorganic and indicator

analysis. The relative percent difference (RPD) will be calculated for each pair of duplicate
analysis results as follows:

RPD= I S - P I x 100
(S + D)/2

where, S = first sample value (original or MS value)
D = Second sample value (duplicate or MSD value)
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12.2.2 Accuracy

Accuracy of laboratory results will be assessed based on the established QC criteria that are
described in Section 3 of this QAPjP, using the analytical results of method blanks, matrix spike
samples, and field blanks. The percent recovery (%R) will be calculated as follows:

%R = A-B x 100
C

where, A = The analyte concentration determined experimentally from the spiked
sample;

B = The background level determined by a separate analysis of the unspiked
sample; and

C = The amount of the spike added.

12.2.3 Completeness
The data completeness of laboratory analysis results will be assessed for compliance with the
amount of data required for decision making. Completeness is calculated by the following
formula:

Completeness = Valid Data Obtained x 100
Total Data Planned

12.2.4 Sensitivity

The achievement of method detection limits depend on instrument sensitivity and matrix effects.

It is important to monitor the instrument sensitivity to ensure the data quality through constant

instrument performance. The instrument sensitivity will be monitored through the analysis of
method blanks, calibration check samples, and laboratory control samples.
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SECTION 13

CORRECTIVE ACTION

Corrective actions may be required for two classes of problems: analytical and equipment
problems, and noncompliance problems. Analytical and equipment problems may occur during
sampling and sample handling, sample preparation, laboratory instrumental analysis, and data
review.

For noncompliance problems, a formal corrective action program will be determined and
implemented at the time the problem is identified. The person who identifies the problem is
responsible for notifying the RPM. If the problem is analytical in nature, information on these

problems will be promptly communicated to the U.S. EPA QAS. Implementation of corrective

action will be confirmed in writing through the same channels.

Any nonconformance with the established quality control procedures in the QAPjP or SAP will

be identified and corrected in accordance with the QAPjP. The U.S. EPA RPM, or his/her

designee will issue a nonconformance report for each nonconformance condition.

Corrective actions will be implemented and documented in the field record book. No staff
member will initiate corrective action without prior communication of findings through the

proper channels. If corrective actions are insufficient, work may be stopped by stop-work order
by the RPM.

13.1 Sample Collection/Field Measurements
Technical staff and project personnel will be responsible for reporting all suspected technical or

QA nonconformances or suspected deficiencies of any activity or issued document by reporting

the situation to the Warzyn RI Leader, or his/her designee. This manager will be responsible for
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assessing the suspected problems in consultation with the Warzyn Project Manager on making a
decision based on the potential for the situation to impact the quality of the data. If it is

determined that the situation warrants a reportable nonconformance requiring corrective action,
then a nonconformance report will be initiated by the manager.

The manager will be responsible for ensuring that corrective action for nonconformances are
initiated by:

• Evaluating all reported nonconformances

• Controlling additional work on nonconforming items

• Determining disposition or action to be taken

• Maintaining a log of nonconformances

• Reviewing nonconformance reports and corrective actions taken

• Ensuring nonconformance reports are included in the final site documentation in the
project files

If appropriate, the Warzyn Project Manager will ensure that no additional work that is dependent

on the nonconforming activity is performed until the corrective actions are completed.

Corrective action for field measurements may include:

• Repeat the measurement to check the error

• Check for all proper adjustments for ambient conditions such as temperature
• Check the batteries
• Re-calibration

• Check the calibration

• Replace the instrument or measurement devices
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• Stop work (if necessary)

The Warzyn RI Leader, or his/her designee, is responsible for all site activities. In this role, the
Warzyn RI Leader, at times is required to adjust the site programs to accommodate the site-
specific needs. When it becomes necessary to modify a program, the Warzyn RI Leader notifies
the Warzyn Project Manager of the anticipated change and implements the necessary changes
after obtaining the approval of the Project Manager. The change in the program will be
documented and signed by the appropriate personnel.

The Warzyn RI Leader for the H.O.D. Landfill Site is responsible for the controlling, tracking,

and implementation of the identified changes. Reports on all changes will be distributed to all
affected parties, including the U.S. EPA RPM. the Warzyn Project Manager, and the WMII

Project Manager.

13.2 Laboratory Analysis
Corrective actions are required whenever an out-of-control event or potential out-of-control event

is noted. The investigative action taken is dependent on the analysis and the event. Laboratory

personnel are alerted that corrective actions may be necessary if:

• QC data are outside the warning or acceptable windows for precision and accuracy

• Blanks contain target analytes above acceptable levels

• Undesirable trends are detected in spike recoveries or RPD between duplicates

• There are unusual changes in detection limits

• Deficiencies are detected by the QA Department during internal or external audits . or
from the results of performance evaluation samples

• Inquiries concerning data quality are received
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Corrective action procedures are often handled at the bench level, by the analyst who reviews the
sample preparation procedure for possible errors and checks the instrument calibration, spike and
calibration mixes, instrument sensitivity, etc. If the problem persists, or cannot be identified, the
matter is referred to the laboratory supervisor, manager, or QAO for further investigation. Once
resolved, full documentation of the corrective action procedure is filed with the QA Department.
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SECTION 14

QUALITY ASSURANCE REPORTS TO MANAGEMENT

Reports will be submitted to the U.S. EPA and Illinois Environmental Protection Agency (IEPA)

as described in Section 4.4.7, "Task 7: Reports" of the Work Plan. Reports will consist of
monthly progress reports, technical memoranda, and the draft RI report.

Monthly progress reports submitted to the U.S. EPA and IEPA will include:

• A summary of the validated sampling and testing results

• A description of activities completed during the past month, as well as actions which
are scheduled for the next month

• A summary of target and actual completion dates for each activity

• Changes in key personnel

• Problems encountered and how they were resolved

• Anticipated problems and recommended solutions

The results of specific RI activities such as the Risk Assessment, and Site Characterization will

be submitted to the U.S. EPA and IEPA in the form of Draft Technical Memoranda. Technical

Memoranda will include the following:

• Physical and Source Characterization Results

• Contaminant and Migration Pathways Characterization Results

• Baseline Risk Assessment
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A draft RI Report summarizing the RI activities will be submitted to the U.S. EPA. The report
will characterize the Site and summarize the data collected and conclusions. The RI report will
not be considered final until Site characterization activities are complete for the supporting

remedial alternatives screening activities and a letter of approval is issued by the U.S. EPA RPM.

CAW/vlr/JAH

[mad-406-1721
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Table 1-1
Sample Type and Estimated Sample Numbers

H.O.I). Undfill Rl/FS

Page I of 2

Sample1

Matrix
PHYSICAL INVESTIGATION
Soil borings

l-ab1

War/yn Soils

No. of
Samples

16

Field
Duplicates

2

Field1

Blanks

-

SOURCK ClIARACTl-RIZATION
Soils (clay cap)

Sediments/Surface Soils

Leacliale

Landfill Gas

Landfill Soil Borings

Warzyn Soils

Core

ETC
F.TC
I-TC
Warzyn Soils

ETC
liTC
Warzyn Anayl

Hnseco - Air
Toxics

Warzyn Soils

10

10

5
5
s
5

5
.s
5
5

10

1

1

1
1
1
1

1
1
1

1

1

-

.

-

1
1
1

1

-

DHFINF. NATl IRE AND F.XTF.NT OF CONTAMINATION
Groundwalcr - 1 Ipper
and I.ower Aquifers

Municipal/Private Wells

.Surface Water

I-TC
F.TC
Warzyn Anayl

CompuCliem
Warzyn Analy

I-TC
1-TC

16
16
16

H
8

3
3

2
1

2

1
1

1
1

2
2
2

1
1

1
1

MS/MSD'
Total No.
Samples

18

II

11

6
6
6
6

20
20
20

10
10

5
5

Test"'
Parameters

Grain Size

Grain Size, Allerherg
Limits, Natural
Moisture Content,
and Density
Clay Mineralogy

TCL Organics
TAL Inorganics
TOC
Grain Size, Natural
Moisture Content, and
Atterberg Limits

TCL Organics
TAL Inorganics
Indicators

VOCs

Grain Size

TCL Organics
TAL Inorganics
Indicators

LI. TCL Organics
LI. TAL Inorganics

TCL Organics
TAL Inorganics

Field
Parameters

pll, Conductivity,
Temperature, Redox,
and Dissolved Oxygen

Methane, Oxygen, and
Carbon Dioxide

pll, Conductivity,
Temperature, Redox,
and Dissolved Oxygen

pll, Conductivity,
Temperature

pll, Conductivity,
Temperature. Redox,
and Dissolved Oxygen



Table I-I
(continued)

Page 2 of 2

Notes:

1. Samples will be considered low concentration, and will he packaged and shipped accordingly.

2. KTC Warzyn Soils laboratory
284 Raritan Center Pkway 505 Science Drive, Suite C
lidison, NJ 08818 University Research Park

Madison, WI 53711

Core Laboratories
1875 Monetary I-ane
Carrolllon, TX 75006

War/yn Analytical
One Science Court
Madison, WI 53711

CompuChem Laboratories linseco - Air Toxics Laboratory
3808 Chapel Hill 9537 Telslar Avenue
Nelson Highway Suite 118
Research Triangle 1:1 Monte, CA 91731
Park, NC 27709

3. A trip blank for VOC analysis will he included with each cooler shipped for aqueous (leachale, groundwaler, surface water, municipal well, and private well) samples. Trip blanks are not included
in the total number of samples. One trip blank ((ire-cleaned SUMMA passivaled canister) is required for the sampling of landfill gas vents for volaliles.

•4. HXTRA VOI. I JMH RliQ.niRliMF.NT: l-xlra volume is required for the MS/MSD quality control requirement (triple volume for VOC.s, double volume for SVOC.s and Pesl/PCBs) for aqueous
samples. MS/MSDs are required for soil samples, however do not require that additional volume be collected in the field. Inorganics and general water quality indicator parameters require
duplicate and spike analyses, however, do not require additional sample volume to meet the specified QC. MS/MSD samples are not included in the total number of samples.

5. Refer to Tables 3-1 and 3-2 for the TCL organic and TAL inorganic parameter lists and required detection limits. Indicator parameters consist of chloride, sulfale, alkalinity, hardness, nitrale-N,
nilrite-N, ammonia-N, TOC, and TDS. See Table 3-5 landfi l l gas VOC list and detection limits and Table 3-6 for indicator, field measurement, and physical characteristic lists and associated
detection limits.

6. firoundwaler samples for metals analysis will be field filtered through a 0.45 micron filler within 15 minutes of sample collection, and prior to the addition of preservatives.

7. LL = l-ow level detection limits are required. Refer to Tables 3-3 and 3-4 for the low level TCL organic and TAL inorganic parameter lists and required detection limits. Municipal/Private Wells
will be sampled by the Lake County Health Department.

CAW/vlr/JAH
Iniad"l06-77|
6095300/154



Table 1-2
Sample Quantities, Containers, Preservatives and Packaging Requirements

H.O.D. Landfill RI/FS

Page 1 of 4

Analysis Bottles and Jars Preservation Holding Time' Volume of Samples ShippingJ

Low Concentration (Organlcs)
Groundwater, Surface Water, and
Municipal/Private Wells
TCL Semi-volatiles

TCL Pesticides/PCBs

TCL Volatiles

Leachate
TCL Semi-volatiles

TCL Pesticides/PCBs

TCL Volatiles

Two 1 -Liter amber
glass bottles

Two 1 -Liter amber
glass bottles

Three 40-mL volatile
organic analysis
(VOA) vials (Four for
municipal/private well
samples).

Two 1 -Liter amber
glass bottles

Two 1 -Liter amber
glass bottles

Three 40-mL VOA vials

Iced to 4°C. 7 days to
extraction,
analysis within
40 days after
extraction.

Iced to 4°C. 7 days to
extraction.
analysis within
40 days after
extraction.

1:1 HCL (2 drops/ 14 days
vial), iced to
4'C.

Iced to 4'C. 7 days to
extraction.
analysis within
40 days after
extraction.

Iced to 4°C. 7 days to
extraction,
analysis within
40 days after
extraction.

Iced to 4'C. 7 days

Fill bottle to
neck

Fill bottle to
neck

Fill completely
no headspace

Fill bottle to
neck

Fill bottle (6
neck

Fill completely
no headspace

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight

Normal Packaging'

Vermiculite

Vermiculite

Vermiculite

Vermiculite

Vermiculite

Vermiculile
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Analysis

Soil and Sediment
TCL Semivolatiles

TCL Pesticides/PCBs

TCL Volatile*

Landfill Gas
Volatile!

Low Concentration (Inorganics)
Ground water
Metals

Cyanide

Private/Municipal Wells
Metals

Cyanide

Bottles and Jars

One 8-oz wide mouth
glass jar

One 8-oz wide mouth
glass jar

Two 4-oz wide mouth
glass jars

One fr liter SUMMA
passivated canister

One 1-liter high
density polyethylene
bottle

One 1- liter high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

Preservation

Iced to 4°C.

Iced to 4°C.

Iced to 4"C.

Maintain
<25°C

Field filter
through 0.45 um
filter. UNO, to
pH<2. Iced to 4-C.

AddNaOHtopH>12.
Iced to 4'C.

IINO,topH<2. Iced
to4°C.

AddNaOHtopH>12.
Iced to 4°C.

Table 1-2
(continued)

Holding Time'

14 days to
extraction,
analysis within
40 days after
extraction.

14 days to
extraction,
analysis within
40 days after
extraction.

14 days

14 days

180 days
(28 days for
mercury)

14 days

180 days
(28 days
for mercury)

14 days

Volume of Samples

Fill 3/4 full

Fill 3/4 full

Fill completely
no headspace

Fill as described
in procedure

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shipping

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Normal Packaging'

Vermiculile

Vermiculite

Vermiculile

Vermiculite

Vermiculite

Vermiculile

Vermiculile

Vermiculite



Page 3 of 4

Analysis

Surface Water and Leachale
Metals

Cyanide

Soil and Sediment
Metals and Cyanide

Bottles and Jars

One 1-liter high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

One 8-oz wide mouth
glass jar

Table 1-2
(continued)

Preservation Holding Time1 Volume of Samples

HNO, to pH<2. 1 80 days Fill to shoulder
Iced to 4°C. (28 days of bottle

for mercury)

AddNaOHtopH>12. 14 days Fill to shoulder
Iced to 4'C. of bottle

Iced to 4-C. 1 80 days Fill 3/4 full
(28 days for
mercury, 1 4 days
for cyanide)

Shipping

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Normal Packaging1

Vermiculite

Vermiculite

Vermiculite
(Med in cans/
vermiculite)

Water Quality Indicator Parameters
Groundwater and Leachate
Nitrate-N, Ammonia, and TOC

Hardness

Alkalinity, Chloride, Sulfate,
and Nitrite-N

TDS

One 1-liter high
density polyethylene
bottle

One 500-ml high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

One 500-mL
polyethylene bottle

H.SO, to PH<2.
Iced to 4'C.

UNO, to pH<2.
Iced to 4'C.

Iced to 4'C.

Field filler
through 0.45 um
filter. Iced to
4-C

28 days

180 days

28 days (14 days
alkalinity, 48
hours nitrite)

7 days

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shipped daily
by overnight

Shipped daily
by overnight

Shipped daily
by overnight
carrier

Shipped daily
by overnight

Vermiculite

Vermiculite

Vermiculile

Vermiculite



Table 1-2
(continued)

Page 4 of 4

Analysis

Physical Characteristics
Soil
Grain size, moisture content,
density, and atterberg limits

Clay Mineralogy

TOC

Bottles and Jars

Four 8-oz wide mouth
glass jars

Two 8-oz wide mouth
glass jars

One 4-oz wide mouth
glass jar

Preservation

NONE

NONE

Iced to 4°C.

Holding Time'

Not established

Not established

28 days

Volume of Samples

Fill 3/4 full

Fill 3/4 full

Fill 3/4 full

Shipping Normal Packaging'

Ship by carrier Vermiculite

Ship by carrier Vermiculitc

Ship by carrier Vermiculite

Notes:
1. These are technical holding times, which are started from the day of sample collection.
2. The packing material should completely cushion the sample bottles - botttom, sides and top.

CAW/vlr/JAH
[mad-406-77a]
6095300/154



Table 1-3
Summary of Data Generating Activities and Associated Quality Objectives

H.O.D. Landfill RI/FS

Page I of 2

PHYSICAL INVESTIGATION
Hydrogeologic Evaluation

Description

Eight borings taken in
areas specified in the
Work Plan.

Intended Data Usages

Confirm glacial stratigraphy.

Parameters

Grain Size

Data Quality
Objective

Level III data

Anticipated No. of
Investigative

Samples

16

SOURCE CH ARACTER1ZAT10N
Landfill Cap Evaluation

On-site Surface Soil and
Sediment Sampling

Leachate Sampling

Landfill Gas Probe Installation

Landfill Gas Sampling

Collect samples of the
clay cap.

Collection of on-sile
surface soil/sediments in
likely soil/sediment
deposition areas.

Collection of leachate
samples.

Installation of multi-
stage landfill gas probes
in the same borehole as
each new leachate
piezometer.

Collection of landfill
gas from leachate
piezometers and/or gas
well flares.

Evaluate the effectiveness
of the existing cap.
Landfill cap evaluation will
provide data used to perform
percolation analysis.

Contaminant characterization.

Chemically characterize the
leachate composition.

Assess methane gas production.

Chemically characterize
landfill gas, and assess the
potential for contamination of

Grain Size, Atterberg
Limits, Natural Moisture
Content, Density, and
Clay Mineralogy

TCL, TAL
Grain Size, Atterberg
Limits, TOC, and Natural
Moisture Content

TCL, TAL
Indicators'
pi I, Conductivity,
Temperature, Dissolved
Oxygen, and Redox (field)

Methane, Oxygen, and
Carbon Dioxide (field)

VOCs
Methane, Oxygen, and
Carbon Dioxide (field)

Level III data 10

Level IV data
Level III data

Level IV data
Level V data
Level II data

Level II data

Level V data
Level II data

up to 39
measurements
per round



Table 1-3
(continued)
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Activity

Landfill Borings

Description

Drill approximately five
landfill borings along
the southern perimeter of
the "old" landfill.

Intended Data Usages

Determine the subsurface
conditions and evaluate the
feasibility of constructing
a barrier along the perimeter
of the landfill to contain
leachate.

Parameters

Grain Size

Data Quality
Objective

Level III data

Anticipated No. of
Investigative

Samples

10

DEFINE NATURE AND EXTENT OF CONTAMINATION
Monitoring Well Installation Hnu screening of drill

cuttings

Groundwater Monitoring

Municipal/Private Well Monitoring

Ilydrologic Evaluation/Surface
Water Sampling

Obtain water level
measurements. Conduct
in-situ hydraulic con-
ductivity tests. Install
new wells, and sample and
analyze the existing and
new monitoring wells.

Sampling private and
municipal wells in the
vicinity of the Site.
Sampling to be performed
by Lake County Health
Department.

Measure the surface water
levels, flow, and inspect
the Sequoil Creek banks.

Determine cuttings to be
drummed

Evaluate potential groundwater
flow paths, confirm hydraulic
conductivity results with
previous data, assess ground-
water contamination migration
pathway, and characterize
groundwater quality.

Characterize the water quality.

Evaluate the potential for
surface water contamination and
characterize the surface water
quality.

Total VOCs>10ppm

TCL, TAL
Indicators'
pH, Conductivity,
Temperature, Dissolved
Oxygen, and Redox (field)

Low level TCL and TAL
pH, Conductivity, and
Temperature

TCL, TAL
pH, Conductivity,
Temperature, Dissolved
Oxygen, and Redox (field)

Level I data

Level IV data
Level V data
Level II data

16
16
16

Level IV data
Level II data

Level IV data
Level II data

Notes:
1. Indicator parameters consist of: chloride, sulfate, a lkal ini ty , hardness, nitrate-N, nitrite-N, ammonia, TOC, and TDS.
2. Grain Size = Sieve plus Hydrometer Analyses

CAW/vIr/JAH
[mad--106-77b]
6095300/154
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Table 3-1
Target Compound List

and Contract Required Quantitation Limits - Organics

Compound

1.
2.
3.
4.
5.

6.
7.
8.
9.
10.

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

21.
22.
23.
24.
25.

26.
27.
28.
29.
30.

31.
32.
33.

Volatiles
Chloromethane
Bromomethane
Vinyl chloride
Chloroe thane
Methylene chloride

Acetone
Carbon disulfide
1 , 1 -Dichloroethene
1,1-Dichloroe thane
1 ̂ -Dichloroethene (total)

Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1 -Trichloroethane
Carbon tetrachloride

Bromodichloromethane
1 ,2-Dichloropropane
cis- 1 3-Dichloropropene
Trichloroethene
Dibromochloromethane

1 ,1 ,2-Trichloroethane
Benzene
trans- 1 3-Dichloropropene
Bromoform
4-Methyl-2-pentanone

2-Hexanone
Tetrachloroethene
Toluene
1 , 1 ,2,2-Tetrachloroethane
Chlorobenzene

Ethylbenzene
Styrene
Xylenes (total)

Quantitation Limits'

Water Low Soil Medium Soil
(ug/1) (ug/kg) (ug/kg)

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200
10 10 1200
10 10 1200

10 10 1200
10 10 1200
10 10 1200



Table 3-1
(continued)
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Compound

Semi-volatiles
34. Phenol
35. bis(2-Chloroethyl) ether
36. 2-Chlorophenol
37. 1,3-Dichlorobenzene
38. 1,4-Dichlorobenzene

39. 1,2-Dichlorobeznene
40. 2-Methylphenol
41. 2,2'-oxybis-(l-Chloropropane)
42. 4-Methylphenol
43. n-Nitroso-di-n-dipropylamine

44. Hexachloroethane
45. Nitrobenzene
46. Isophorone
47. 2-Nitrophenol
48. 2,4-Dimethylphenol

49. bis(2-Chloroethoxy) methane
50. 2,4-Dichlorophenol
51. 1,2,4-Trichlorobenzene
52. Naphthalene
53. 4-Chloroaniline

54. Hexachlorobutadiene
55. 4-Chloro-3-methylphenol
56. 2-Methylnaphthalene
57. Hexachlorocyclopentadiene
58. 2,4,6-Trichlorophenol

59. 2,4,5-Trichlorophenol
60. 2-Chloronaphthalene
61. 2-Nitroaniline
62. Dimethylphthalate
63. Acenaphthylene

64. 2,6-Dinitrotoluene
65. 3-Nitroaniline
66. Acenaphthene
67. 2,4-Dinitrophenol
68. 4-Nitrophenol

Quanb'tation Limits'

Water Low Soil Medium Soil
(ug/1) (ug/kg) (ug/kg)

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

25 800 25000
10 330 10000
25 800 25000
10 330 10000
10 330 10000

10 330 10000
25 800 25000
10 330 10000
25 800 25000
25 800 25000



Table 3-1
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Compound

69. Dibenzofuran
70. 2.4-Dinitrotoluene
71. Diethylphthalate
72. 4-Chlorophenyl-phenyl ether
73. Fluorene

74. 4-Nitroaniline
75. 4,6-Dinitro-2-methylphenol
76. n-Nitrosodiphenylamine
77. 4-Bromophenyl-phenyl ether
78. Hexachlorobenzene

79. Pentachlorophenol
80. Phenanthrene
81. Anthracene
82. Carbazole
83. Di-n-butylphthalale

84. Fluoranthene
85. Pyrene
86. Butylbenzylphthalate
87. 33'-Dichlorobenzidine
88. Benzo(a)anthracene

89. Chrysene
90. bis(2-Ethylhexyl)phthalate
91. Di-n-ocylphthalate
92. Benzo(b)fluoranthene
93. Benzo(k)fliK>ranthene

94. Benzo(a)pyrene
95. Indeno(l,23-cd)pyrene
96. Dibenzo(aji)anthracene
97. Benzo{g,h,i)perylene

Quanu'tation Limits'

Water Low Soil Medium Soil
(ug/1) (ug/kg) (ug/kg)

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

25 800 25000
25 800 25000
10 330 10000
10 330 10000
10 330 10000

25 800 25000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
10 330 10000

10 330 10000
10 330 10000
10 330 10000
10 330 10000
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Compound

Pestkides/PCBs
98. alpha-BHC
99. beta-BHC
100. dclta-BHC
101. gamma-BHC (Lindane)
102. Heptachlor

103. Aldrin
104. Heptachlor epoxide
105. Endosulfan I
106. Dieldrin
107. 4,4'-DDE

108. Endrin
109. Endosulfan II
110. 4,4'-DDD
1 1 1. Endosulfan sulfate
112. 4,4'-DDT

113. Methoxychlor
1 14. Endrin ketone
115. Endrin aldehyde
116. alpha-Chlordane
117. gamma-Chlordane

118. Toxaphene
119. Aroclor-1016
120. Aroclor-1221
121. Aroclor-1232
122. Aroclor-1242

123. Aroclor-1248
124. Aroclor-1254
125. Aroclor-1260

Notes:
1 . Quantitation limits listed for soil/sediment

laboratory for soil/sediment, calculated on

CAW/vlr/
[mad-406-77c]
6095300/154

Table 3-1
(continued)

Water
(ug/1)

0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.10
0.10

0.10
0.10
0.10
0.10
0.10

0.50
0.10
0.10
0.05
0.05

5.0
1.0
2.0
1.0
1.0

1.0
1.0
1.0

are based on
a dry weight

Quantitation Limits'

Low Soil
(ug/kg)

1.7
1.7
1.7
1.7
1.7

1.7
1.7
1.7
3.3
3.3

3.3
3.3
3.3
3.3
3.3

17
3.3
3.3
1.7
1.7

170
33
67
33
33

33
33
33

i

Medium Soil
(UR/kg)

1.7
1.7
1.7
1.7
1.7

1.7
1.7
1.7
3.3
3.3

3.3
3.3
3.3
3.3
33

17
3.3
3.3
1.7
1.7

170
33
67
33
33

33
33
33

wet weight The quantilalion limits calculated by the
basis as required by the method, will be higher.
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Analyte

Table 3-2
Target Analyte List and

Contract Required Detection Limits - Inorganics

Contract RequiredIJJ

Detection Limit
(ug/L)

200
60
10

200
5

5
5000

10
50
25

100
3

5000
15
0.2

40
5000

5
10

5000

10
50
20
10

1. Subject to the restrictions specified in the first page of Part G, Section IV of Exhibit D (Alternate Methods -
Catastrophic Failure) any analytical method specified in SOW ILM02.0, Exhibit D, may be utilized as long as
the documented instrument or method detection limits meet the Contract Required Detection Limit (CRDL)
requirements. Higher detection limits may only be used in the following circumstance:

1.
2.
3.
4.
5.

6.
7.
8.
9.
10.

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

21.
22.
23.
24.

Notes:

Aluminum
Antimony
Arsenic
Barium
Beryllium

Cadmium
Calcium
Chromium
Cobalt
Copper

Iron
Lead
Magnesium
Manganese
Mercury

Nickel
Potassium
Selenium
Silver
Sodium

Thallium
Vanadium
Zinc
Cyanide

If the sample concentration exceeds five times the detection limit of the instrument or method in use, the values
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Table 3-2
(continued)

may be reported even though the instrument or method detection limit may not equal the CRDL. This is
illustrated in the example below:

For lead:
Method in use = ICP
Instrument Detection Limit (IDL) = 40
Sample concentration = 200
CRDL=3

The value of 200 may be reported even though the instrument detection limit is greater than the CRDL. The
instrument or method detection limit must be documented as described in SOW ILM02.0, Exhibit E.

2. The CRDL are the instrument detection limits obtained in pure water that must be met using the procedure in
Exhibit E. The detection limits for samples may be considerably higher depending on the sample matrix.
Soil/sediment detection limits are approximately 200 times the CRDLs noted for water, and may vary as the
soil/sediment results are reported on a dry weight basis. Soil/sediment results are reported in mg/kg.

3. This table is extracted from the Inorganic SOW ILM02.0 (Exhibit C).

CAW/vlr/JAH
[mad-406-77d]
6095300/154
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Table 3-3
Target Compound List

and Contract Required Quantitation Limits
Low Concentration Water Organics

Compound

Volatiles
1. Chloromethane
2. Bromomethane
3. Vinyl chloride
4. Chloroethane
5. Methylene chloride

6. Acetone
7. Carbon disulfide
8. 1,1-Dichloroethene
9. 1,1-Dichloroethane
10. cis-1,2-Dichloroethene

11. trans-1,2-Dichloroethene
12. Chloroform
13. 1,2-Dichloroethane
14. 2-Butanone
15. Bromochloromethane

16. 1,1,1-Trichloroethane
17. Carbon tetrachloride
18. Bromodichloromethane
19. 1,2-Dichloropropane
20. cis-l,3-Dichloropropene

21. Trichloroetbene
22. Dibromochloromethane
23. 1,1,2-Trichloroethane
24. Benzene
25. trans-1,3-Dichloropropene

26. Bromoform
27. 4-Methyl-2-pentanone
28. 2-Hexanone
29. Tetrachloroethene
30. 1,1,2,2-Tetrachloroethane

31. 1,2-Dibromomethane
32. Toluene
33. Chlorobenzene
34. Ethylbenzene
35. Styrene

Quantitation Limits'
Water
(ug/L)

1
1
1
1
2

5
1
1
1
1

1
1
1
5
1

1
1
1
1
1

1
1
1
1
1

1
5
5
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Table 3-3
(continued)

Quantitation Limits'
Water

Compound (ug/L)

36. Xylenes (total) 1
37. 1,3-Dichlorobenzene 1
38. 1,4-Dichlorobenzene 1
39. 1,2-Dichlorobenzene 1
40. l,2-Dibromo-3-Chloropropane 1

Semi-volatiles
41. Phenol 5
42. bis(2-Chloroethyl) ether 5
43. 2-Chlorophenol 5
44. 2-Methylphenol 5
45. 2,2'-oxybis-(l-Chloropropane) 5

46. 4-Methylphenol 5
47. n-Nitroso-di-n-dipropylamine 5
48. Hexachloroethane 5
49. Nitrobenzene 5
50. Isophorone 5

51. 2-Nitrophenol 5
52. 2,4-Dimetnylphenol 5
53. bis(2-Chloroethoxy) methane 5
54. 2,4-Dichlorophenol 5
55. 1,2,4-Trichlorobenzene 5

56. Naphthalene 5
57. 4-Chloroaniline 5
58. Hexachlorobutadiene 5
59. 4-Chloro-3-methylphenol 5
60. 2-Methylnaphthalene 5

61. Hexachlorocyclopentadiene 5
62. 2,4,6-Trichlorophenol 5
63. 2,4,5-Trichlorophenol 20
64. 2-Chloronaphthalene 5
65. 2-Nitroaniline 20

66. Dimethylphthalate 5
67. Acenaphthylene 5
68. 2,6-Dinitrotoluene 5
69. 3-Nitroaniline 20
70. Acenaphthene 5
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Table 3-3
(continued)

Quantitation Limits'
Water

Compound (ug/L)

71. 2,4-Dinitrophenol 20
72. 4-Nitrophenol 20
73. Dibenzofuran 5
74. 2,4-Dinitrotoluene 5
75. Diethylphtbalate 5

76. 4-Chlorophenyl-phenyl ether 5
77. Fluorene 5
78. 4-Nitroaniline 20
79. 4,6-Dinitro-2-methylphenol 20
80. n-Nitrosodiphenylamine 5

81. 4-Bromophenyl-phenyl ether 5
82. Hexachlorobenzene 5
83. Pentachlorophenol 20
84. Phenanthrene 5
85. Anthracene 5

86. Di-n-butylphthalate 5
87. Fluoranthene 5
88. Pyrene 5
89. Butylbenzylpbthalate 5
90. 3,3'-Dichlorobenzidine 5
91. Benzo(a)anthracene 5

92. Chrysene 5
93. bis(2-Ethylhexyl)phthalate 5
94. Di-n-ocylphthalate 5
95. Benzo(b)fluoranthene 5
96. Benzo(k)fluoranthene 5

97. Benzo(a)pyrene 5
98. Indeno(l,2,3-cd)pyrene 5
99. Dibenzo(a4i)anthracene 5
100. Benzo(g,h,i)perylene 5

Pesticides/PCBs
101. alpha-BHC 0.01
102. beta-BHC 0.01
103. delta-BHC 0.01
104. gamma-BHC (Lindane) 0.01
105. Heptachlor 0.01
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Table 3-3
(continued)

Quantitation Limits'
Water

Compound (ug/L)

106. Aldrin 0.01
107. Heptachlor epoxide 0.01
108. Endosulfan I 0.01
109. Dieldrin 0.02
110. 4,4'-DDE 0.02

111. Endrin 0.02
112. Endosulfan n 0.02
113. 4,4'-ODD 0.02
114. Endosulfan sulfate 0.02
115. 4,4'-DOT 0.02

116. Methoxychlor 0.10
117. Endrin ketone 0.02
118. Endrin aldehyde 0.02
119. alpha-Chlordane 0.01
120. gamma-Chlordane 0.01

121. Toxaphene 1.0
122. Aroclor-1016 0.20
123. Aroclor-1221 0.20
124. Aroclor-1232 0.40
125. Aroclor-1242 0.20

126. Aroclor-1248 0.20
127. Aroclor-1254 0.20
128. Aroclor-1260 0.20

Notes:
1. This table was extracted from the low level detection SOW OLCO1.0.

CAW/vlr/JAH
[mad-406-77ej
6095300/154
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TABLE 3-4

Target Analyte List and
Required Detection Limits

Low Concentration Water Inorganics

1.
2.
3.
4.
5.

Analyte

Aluminum
Antimony
Arsenic
Barium
Beryllium

6. Cadmium
7. Calcium
8. Chromium
9. Cobalt
10. Copper

11. Iron
12. Lead
13. Magnesium
14. Manganese
15. Mercury

16. Nickel
17. Potassium
18. Selenium
19. Silver
20. Sodium

21. Thallium
22. Vanadium
23. Zinc
24. Cyanide

Required
Detection Limit

(ug/L)

50
5
2
10
5

0.2
1000
0.2
10
10

20
3

1000
10

0.2

20
100
2

0.5
1000

3
2
10
10

NOTES. Refer to Appendix B-9 for method references.

CAW/cck/JAH
[CHI-402-77C]
6095300/154
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TABLE 3-5

Landflll Gas Volatile Organic List and
Required Detection Limits

Required Detection
Volatile Compound ppb (vol/vol)

Dichlorodifluoromethane 2
Chloromethane 2.5
1,2-Dichloro-1,1,2,2-Tetrafluoroethane 2
Vinyl Chloride 2.5
Bromomethane 3
Chloroethane 5
Trichlorofluoromethane 1
cis-l,2-Dichloroethene 2
Carbon Disulfide 10
1,1,2-Trichloro-1,2,2-Trifluoroethane 2
Acetone 10
Methylene Chloride 4
trans-l,2-Dichloroethene 4
Hexane 8
1,1-Dichloroe thane 2.5
Vinyl Acetate 2.5
1,1 - Dichloroe the ne 2
2-Butanone 3
Chloroform 2
1,1,1-Trichloroethane 2
Carbon Tetrachloride 2
Benzene 3
1,2-Dichloroethane 2
Trichloroethene 2.5
1,2-Dichloropropane 8
1,4-Dioxane 7
Bromodichloromethane 2
cis-1,3-Dichloropropene 3
4-Methyl-2-Pentanone 3
Toluene 3
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TABLE 3-5
(continued)

Required Detection
Volatile Compound ppb (voi/vol)

trans- 1,3-Dichloropropene 3
1,1,2-Trichloroethane 3
Tetrachloroethene 3
2-Hexanone 5
Dibromochloromethane 3
1,2-Dibromomethane 2
Chlorobenzene 2.5
Ethylbenzene 2.5
Total Xylenes 5
Styrene 7
Bromoform 2
1,1,2,2-Tetrachloroethane 4
Benzyl Chloride 2
4-Ethyl Toluene 4
1,3,5-Trimethylbenzene 2.5
1,2,4-Trimethylbenzene 3
1.3-Dichlorobenzene 3
1.4-Dichlorobenzene 4
1,2-Dichlorobenzene 5
1,2,4-Trichlorobenzene 7
Hexachlorobutadiene 5

CAW/vlr/JAH
[CHl-402-77g]
6095300/154
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TABLE 3-6

Indicators, Field Measurements, and
Physical Characteristics Parameter Lists and

Required Detection Limits

Required Detection
Indicator Parameter Limit (mg/L)

Alkalinity 10
Chloride 2
Hardness 10
Sulfate 10
Total Organic Carbon 1.0
Total Dissolved Solids 10
Nitrate Nitrogen 0.02
Nitrite Nitrogen 0.02
Ammonia Nitrogen 0.10

Field Measurement Required Detection
Parameter Limit

pH (s.u.) to nearest 0.05 pH unit
Conductivity @25 Deg. C (umhos/cm) 10
Temperature (Deg. C) to nearest 0.5 degree
Redox Potential (mV) to nearest 1 mV
Dissolved Oxygen (mg/L) 1
Oxygen (%) " 1
Methane (%) 1
Carbon Dioxide (%) 1
Total VOCs (Hnu screening PPM) 1

Physical Characteristic Required Detection
Parameter Limit

Grain Size
Atterberg Limits
Natural Moisture Content (%) 0.1
Density
Total Organic Carbon (mg/kg) 100

Clay Mineralogy by X-ray Diffraction
(weight percent of fraction analyzed) 1

CAW/cck/JAH
[CHI-402-77K]
6095300/154



TABLE 3-7

Summary of Quality Control Requirements
H.O.D. Landfill Site RI/FS

Paae 1 of 3

Parameter

TCL Organics

TAL Inorganics

Low Level TCL Organics

Low Level TAL Inorganics

Landfill Gas Volatiles

Audit1 Frequency'
Quality Control'

Criteria

Alkalinity, Hardness, Nitrite,
Nitrate, Chloride, and Sulfate

TOC (water)

Requirements per OLM01.8 (or most current)

Requirements per ILM02.0 (or most current)

Requirements per OLC01.0 (or most current)

Requirements per ILM02.0 (or most current)

GC-MS Tune 1 per day

Check Standard

LCS

DCS

Methanol Blank

Lab Blank
(ICB. CCB)

Check Standard
(ICV, CCV)

1 per day

1 per day

1 per day

1 per day

1 per 10 samples and at
end of run

1 per 10 samples and
end of run

EPA QC Reference
Standard

Lab Duplicate

Matrix Spike

Lab Blank
(ICB. CCB)

EPA QL References
Standard

Check Standard
(ICV. CCV)

Lab Duplicate

Matrix Spike

1 per set

1 per 10 samples

1 per 10 samples

1 per 10 samples and at
and of run

1 per set

1 per 10 samples and
end of run

1 per 10 samples

1 per 10 samples

Per Section 8.2 of SOP
(Appendix B-11 of QAPP)

±30% of initial calibration

80- 115%

80- 115%

<DL

< Detection Limit (DL)

90-110% Recovery

80-120% Recovery

10 RPD (+2xDL if sample
concentration is <5xDL)

85-115% Recovery

<DL

80-120%. Recovery.

90-110% Recovery

10 RPD (±2xDL if sample
concentration is <5xDL)
80-120% Recovery



TABLE 3-7
(continued)

Pa°e 2 of 3

Parameter

TOC (soil)

Total Dissolved Solids

Ammonia Nitrogen

Grain Size, Natural Moisture
Content, Atterberg Limits, and
Density

pH (Field)

Audit'

Lab Blank

Calibration Check
Standards

Lab Blank

EPA QC Reference
Standard

Lab Duplicate

Lab Blank
(ICB, CCB)

Check Standard
(ICV, CCV)

EPA QC Reference
Standard

Preparation
Blank

Lab Duplicate

Matrix Spike

Lab Duplicate

Check Standard

Frequency'

1 per run

4 per run

EPA QC Reference 1 per run

1 per set

1 per set

1 per 10 samples

1 per 10 samples and at
end of run

1 per 10 samples and at
end of run

1 per set

1 per set

1 per 10 samples

I per 10 samples

1 per 10 samples

1 per 10 samples

Quality Control1

Criteria

<DL

10% of initial
calibration

EPA criteria

<DL

80-120% Recovery,

10% RPD (+ 2xDL if
sample concentration
is <5 x DL)

<DL

90-110% Recovery

80-120% Recovery

<DL

10% RPD (+ 2xDL if
sample concentration
is <5 x DL)

80 - 120% Recovery

40% RPD or <2% by
weight

+ 0.05 pH unit of
buffer selection

Duplicate 1 per 10 samples + 0.2pH unit



TABLE 3-7
(continued)

Paae 3 of 3

Parameter Audit1 Frequency
Quality Control1

Criteria

Specific Conductance (Field)

Temperature (Field)

Dissolved Oxygen (Field)

Redox Potential (Field)

Methane, Oxygen and Carbon
Dioxide (Field)

Total VOCs (HNU Field)

Check Standard

Duplicate

Duplicate

Duplicate

Check Standard

Duplicate

Duplicate

Duplicate

1 per 10 samples

1 per 10 samples

1 per 10 samples

1 per 10 samples

1 per 5 samples

1 per 10 samples

1 per 10 samples

1 per 10 samples

+ 10% of standard

157o RPD ( + 2xDL if
sample concentration
is <5 x DL)

20% RPD

20% RPD

+ 10 MV of true value

20% RPD

20% RPD

20% RPD

Notes:
T LCS = Laboratory control spike

DCS = Duplicate control spike(s)
CCV = Continuing Calibration Check Standard
ICV = Initial Calibration Check Standard
CCB = Continuing Calibration Blank
ICB = Initial Calibration Blank

„_ 2. Frequencies apply to each individual matrix.

3. DL = Detection Limit and RPD = Relative Percent Difference. Refer to Tables 3-1. 3-2, 3-3. 3-4. 3-5. and 3-6 for required detection limits for each
analvte.

CAW/ndj/JAH
[CHI-405-77i]
6095300/154



Table 7-1
Summary of Analytical Methods

H.O.D. Landfill RI/FS

Paae 1 of 2

Parameter

TCL Volatiles

TCL Semi-volatiles

TCL Pesticides/PCBs

TCL Volatiles (Low level
detection)

TCL Semi-volatiles (Low level
detection)

TCL Pesticides/PCBs (Low level
detection)

Landfill Gas Volatiles

TAL Inorganics

TAL Inorganics (Low level
detection)

Alkalinity
Hardness
Ammonia Nitrogen
Total Dissolved Solids
Chloride
Sulfate
Nitrate Nitrogen
Nitrite Nitrogen
Total Organic Carbon (water)
Total Organic Carbon (soil)

SOP'

SOWOLM01.8

SOWOLM01.8

SOWOLM01.8

SOWOLC01.0

SOWOLC01.0

SOWOLC01.0

CRL-LM-7001

SOW ILM02.0

SOW ILM02.0 plus SOPs
in Appendix B

LAAC.ALKAAC3
LAAC, HARDAAC2
NH3DTC
TDSC3
LAAC, CLAAC2
LAAC, S04AAC3
LAAC, NO2+NO3AAC2
LAAC,NO2AAC2
TOCIOPC,TOC3C
ED522902

Method2

EPA 624

EPA 625

EPA 608

EPA 524.2

EPA 625

EPA 608

E P A
Compendium
Method TO-14

EPA 200.7 (1CP)
EPA 200 (AA)
E P A 2 4 5
(Mercury)
E P A 3 3 5
(Cyanide)

EPA 200.7 (ICP)
EPA 200 (AA)
E P A 2 4 5
(Mercury)
E P A 3 3 5
(Cyanide)

EPA 310.2
EPA 130.1
EPA 350.2
EPA 160.1
EPA 325.2
EPA 375.2
EPA 353.2
EPA 354.1
EPA415.1
EPA 415.1 and
SW846 9060



Table 7-1
(continued)

Page 2 of 2

Field Measurements
PH
Specific conductance
Temperature
Redox potential

Dissolved Oxygen

Methane and Oxygen

Carbon Dioxide

pH
CONDYSI
TEMPFC
REDOX

YSIDO

GASTECHTOR

EPA 150.1
EPA 120.1
EPA 170.1
B e c h m a n p H
Meter Instruction
Manual
Y S I M e t e r
I n s t r u c t i o n
Manual
Gastech Model
1939 Instruction
Manual
S e n s i d y r t e
I n s t r u c t i o n
Manual

Physical Characteristics
Grain Size Analysis

Atterberg Limits

Natural Moisture Content
Density
Clay Mineralogy

A S T M D 4 2 2 ,
D1140
ASTM D 4 3 1 8 ,
D427
ASTMD2216
ASTM D854
Refer to SOP in
Appendix B

Footnotes:
(1) SOP - Standard Operating Procedures refers to either the EPA Statement of Work (SOW) or

the appropriate laboratory document number.

(2) Method refers to the published analytical reference.

CAW/ndj/JAH
[CHI--»02-77j]
6095300/154
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1 3 Draft PPs to EPA
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FIGURE 1-2
H.O.D. LANDFILL RI/FS

ANTIOCH, ILLINOIS

ID Name Duration A SON I)
1991
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30 Source Characterization I25.38e<l

31 Cap Evaluation .Mil

32 Leach Collect Sys. F.val 2<1

33 Oil-Site Soil/Sed. Sampling/Analysis lOw

34 Leachale Piez./(ias Probes I6d

35 Downholc Gainnia Logging 8<t

36 Landfill das Sampling/Analysis l()w

37 Leatliale Sampling/Analysis IQw

38 Landfill Borings 3il

39 Conslmcl Perimeter Borings 3d

40 Off-Site Source Evaluation 2w

41 Migration Palh./Conlaminant Char. I I6.38cd

42 Ciroundwaler Sampling/Analysis llw

43 Private/Muni. Well Sampling/Analysis llw

44 Surface Water Sampling/Analysis llw

45 Soil/Sediment Sampling/Analysis lOw

46 TASK 4: Site Investigation Analysis 49.38ctl

47 Perform Site Invest. Analysis 6w

48 Tech Memo «1 f>.38eil

49 Prepare Memo Iw

50 Tech Memo«I to F.l'A Od

51 TASK 5: Baseline Risk Assessment 278L-d
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53 Prepare BRA -TWP 40d
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55 HPA Review / Comment 45ed

56 Baseline Risk Assessment I7ded

57 Prepare Draft BRA Re|x>n 8w

58 Draft BRA Report to I:PA Oil
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1

OBJECTIVES

The primary objective of the activities described in the Sampling and Analysis
Plan (SAP) is to obtain representative data to be used for the Remedial
Investigation/Feasibility Study (RI/FS) Analysis. Sampling activities described in
this plan will be performed to complete the site investigation activities of the RI.
Documentation procedures are described in the Data Management Plan.

The RI will consist of physical characterization, source characterization, and
contaminant characterization. Data use objectives of the physical characterization
include:

• Confirmation of the site stratigraphy, hydrogeology, hydrology, and
ecology

Data use objectives of the source characterization site investigation include:

• Location and extent of contaminant source areas

• Investigation of chemical and physical characteristics

Data use objectives for the contaminant characterization include:

• Determination of potential migration pathways

• Evaluation of the magnitude and extent of groundwater contamination

• Evaluation of soil, surface water, sediment and air contamination
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SCOPE

This Sampling and Analysis Plan (SAP) describes the procedures and practices
(Section 5) to be used in obtaining site investigation data for use in the RI/FS.
This plan also includes a description of sampling locations and number of samples
(Section 3), the sample designation system (Section 4), decontamination and
investigative waste disposal procedures (Section 6), and sample handling (Section
7) and sample documentation (Section 8) methods to be employed. The field
activities, discussed in this report, include:

• Physical characterization
soil borings/soil sampling

(

• Source characterization
landfill cap evaluation
leachate collection system effectiveness (no sampling involved)
on-site surficial soil and sediment sampling
leachate piezometer installation (no sampling involved)
landfill gas probe installation
downhole gamma logging (no sampling involved)
leachate sampling
landfill gas sampling
landfill borings

• Contaminant characterization
groundwater sampling
private and municipal well sampling
surface water sampling
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SAMPLING LOCATIONS AND
NUMBER OF SAMPLES

3.1 PHYSICAL CHARACTERIZATION

The physical investigation will consist of a hydrogeologic evaluation designed to
evaluate glacial stratigraphy around the perimeter of the Site. The evaluation will
be accomplished by drilling eight soil borings around the perimeter of the Site
through native unconsolidated deposits. The locations of the borings are specified
in Table 8 and Drawing 60953-F10, both included in Volume 1 of 3 of the Work
Plan.

Up to 16 soil samples, and 2 field duplicates will be analyzed for grain size.

3.2 SOURCE CHARACTERIZATION

Source characterization sampling and analysis activities will include landfill cap
evaluation, on-site surface soil and sediment sampling, leachate sampling, landfill
gas probe installation and landfill gas sampling, and landfill borings.

3.2.1 Landfill Cap Evaluation
Approximately 10 test pits will be performed to aid in evaluating the effectiveness
of the existing cap to minimize infiltration of precipitation. Ten soil samples and
one field duplicate will be collected and analyzed for grain size, Atterberg limits,
natural moisture content, in-place density, and clay mineralogy using x-ray
diffraction.

Test pits will be excavated using a backhoe. Field observations including density
and nature of cover vegetation, root penetration, and evidence of inhomogeneities



Sampling and Analysis Ran
H.O.D. Landfill
September 1992

Page A-4

in the cap will be recorded in a field notebook. Test pit profiles will be recorded
on test pit logs.

3.2.2 On-Site Surface Soil and Sediment Sampling
On-site surficial soil and sediments will be collected in likely deposition areas in
order to characterize contaminants. One sample from each of five areas of
deposition (determined during site inspections) will be collected and analyzed for
TCL organics, TAL inorganics, total organic carbon (TOC), grain size, natural
moisture content, and Atterberg limits. One duplicate sample will also be
collected and analyzed for the same parameters.

One soil sample will also be collected as matrix spike/matrix spike duplicate
(MS/MSD) samples.

3.2.3 Landfill Gas Probe Installation
In order to assess methane gas production within the landfill, multi-stage landfill
gas probes will be installed in the same boreholes as each new leachate
piezometer. A total of thirteen new multi-stage gas probes will be installed. In
addition, five perimeter gas probes will be installed on-site outside of the landfill
area. Landfill gas monitoring will consist of monitoring percent methane,
oxygen, carbon dioxide, and VOCs.

3.2.4 Leachate Sampling
In order to chemically characterize the leachate composition, samples will be
collected from the following five locations: Manhole MHE and leachate
piezometers LP1, LP6, LP8 and LP11. One duplicate sample, one field blank,
and one MS/MSD will also be collected and analyzed.

Samples collected will be analyzed in the laboratory for TCL organics, TAL
inorganics, chloride, sulfate, alkalinity, total hardness, nitrate nitrogen, nitrite
nitrogen, ammonia nitrogen, TOC, and total dissolved solids (TDS). Field
analysis will be conducted on each sample to determine field pH, field specific
conductance, temperature, redox, and dissolved oxygen.

3.2.5 Landfill Gas Sampling
Approximately five landfill gas samples will be collected from landfill gas probes
associated with leachate piezometers and/or gas well flares. Landfill gas samples
will be collected at the following leachate piezometers: LP1, LP6, LP7, LP8, and
LP11. Samples will be analyzed in the field for methane, oxygen, and carbon
dioxide. Five investigative samples, one field blank and one duplicate collected
will be submitted for VOC analysis.
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3.2.6 Landfill Borings
In order to determine subsurface conditions and evaluate the feasibility of
constructing a leachate barrier along the perimeter of the "old" landfill,
approximately five soil borings will be drilled along the southern perimeter of the
"old" landfill. Approximately ten soil samples (two from each boring) and one
field duplicate will be submitted for grain size analysis.

3.3 CONTAMINANT CHARACTERIZATION

Contaminant characterization activities will include groundwater monitoring
(water level measurements, in-situ hydraulic conductivity tests, new well
installation, and sampling of new and existing wells), municipal and private well
monitoring, and a hydrogeologic evaluation/surface water sampling.

3.3.1 Groundwater Monitoring
Eight monitoring wells will be installed at eight different locations around the
site.

Initially, water level measurements will be made at all monitoring wells. Single
well in-situ hydraulic conductivity tests will be conducted at selected existing and
new monitoring wells (see Work Plan Section 4.4.2). Prior to new monitoring
well installation, existing monitoring wells will be inspected to confirm that each
is functional and capable of being sampled.

Phase 1 groundwater sampling will consist of sampling the following wells and
analyzing for TCL/TAL parameters, alkalinity, chloride, hardness, sulfate, TOC,
total dissolved solids (TDS), nitrate nitrogen, nitrite nitrogen, and ammonia
nitrogen:

• USlSandlD • US3S, 31, and 3D
• US4Sand4D • W4S
• US6S,6Iand6D • W6S
• G l lSand l lD • W7D
• W5S

3.3.2 Municipal/Private Well Monitoring
Municipal wells 3 and 5 and up to six private groundwater supply wells will be
sampled and analyzed for for TCL organics and TAL inorganics. One field
duplicate and field blank will be collected for each analysis. An MS/MSD sample
will also be collected and analyzed for TCL organics. Private well sampling will
be coordinated with the Lake County Health Department. Field parameters will
consist of pH, conductivity and temperature.
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3.3.3 Surface Water Sampling
Three surface water samples will be collected for analysis of TCL organics and
TAL inorganics. One field duplicate and field blank will be collected for each
analysis. An MS/MSD sample will also be collected for TCL organic analysis.
Field parameters will consist of pH, conductivity, temperature, redox, and
dissolved oxygen.

During sampling, surface water levels and flow rates will be measured. A
physical inspection of the Sequoit Creek banks will also be conducted.

3.4 QUALITY ASSURANCE SAMPLING

Quality control samples will collected during sampling activities associated with
the physical characterization of soils, and the chemical characterization of
sediments/surface soils, leachate, landfill gas, groundwater and surface water.
Quality control samples will consist of sample duplicates, field blanks and matrix
spike/matrix spike duplicate (MS/MSD) samples as described below.

3.4.1 Field Blanks
For sediment and soil samples, no field blanks will be collected due to the
unavailability of suitable blank material. For water and leachate samples, one
field blank will be prepared for each type and container size. Field blanks will be
prepared according to the following schedule for each sampling activity:

• One field blank for every 10 or fewer samples collected; and

• For each sampling period, a minimum of one blank for each group of
parameters per sample matrix.

The field blank samples will be prepared using deionized water stored in poly-
ethylene containers. The water will be routed through the appropriate sampling
equipment following decontamination. Landfill gas field blanks will be prepared
by collecting a sample of ambient air after decontamination of the sampling
system.

3.4.2 Matrix Spike and Matrix Spike Duplicates (MS/MSD)
For water and leachate samples, one sample per group of 20 or fewer samples
collected for VOA and extracted organics analysis during each sampling activity
will be selected for MS/MSD analysis. MS/MSD samples will not be collected
for inorganic analysis.

For soil samples, two MS/MSD samples will be collected for organic analysis.
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3.4.3 Sample Duplicate
One duplicate sample will be collected for each increment of 10 or fewer samples
collected for each matrix during each sampling period. A duplicate sample will
consist of a sample obtained from the same sampling device as the original
sample.

3.4.4 Trip Blanks (TB)
A trip blank for VOC analysis will be included in each sample shipment
containing water matrix samples for VOCs. The trip blank will consist of two 40-
ml VOC vials filled with deionized water with a Milli-Q cleanup. It will be
prepared in the laboratory or office, transported to the field and shipped with the
other samples to the designated laboratory without being opened. It will be
packaged using standard procedures as for the other sample bottles.
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SAMPLE DESIGNATION

A sample numbering system will be used to identify each investigative and
quality control sample. Each sample identifier will include the project identifier
code, sample type and location code, and a sampling event code. The sampler
will maintain a log book containing the sample identification listings.

4.1. PROJECT IDENTIFIER CODE

A two-letter designation will be implemented to identify the sampling site. The
project identifier will be "HD" to signify the HOD Landfill Site in Antioch,
Illinois.

4.2. SAMPLE TYPE AND LOCATION CODE

Each sample collected will be identified by a two-letter code corresponding to the
sample type. Sample type codes to be used for the subtasks covered in this
sampling plan include:

• GW- groundwater sample from monitoring well
• SS - split spoon or soil boring sample
• SD - sediment sample
• SW - surface water sample
• SU - surface soil sample
• PW - groundwater from a private residential well or municipal well
• SC - soil sample collected from test pits of the clay cap
• LC - leachate sample
• LG - landfill gas
• FB - field blank
• TB - trip blank
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Other letter designators may be added for sample activities of later subtasks.

The location code will follow the sample type code. The location code consists of
a two-to-five digit numeric or alpha-numeric code that indicates the sample
location. Surface water, sediment, field blanks, and air samples will use a
consecutive numbering system starting at 01, assigned in the field.

4.3. SAMPLING ROUND CODE/DUPLICATE CODE

A two-digit numerical code will be used to designate additional location
information. For soil samples, the Round code will represent the depth of the
sample in feet below the ground surface. Duplicate samples will be designated by
the Round code preceded by a 9. Matrix spike and matrix spike duplicate samples
are collected as additional sample volume at selected locations.

Although identified as such on chain-of-custody records, specific sampling codes
will not be provided for matrix spike or matrix spike duplicate samples.

4.4 EXAMPLES OF SAMPLE NUMBERS

Examples of sample number codes are as follows:

• HD-SSW5S-15 = HOD Landfill, split spoon sample from monitoring
well W5S at a depth of 15 feet.

• HD-SCTP7-3 = HOD Landfill, soil sample of clay cap collected from at
Test Pit 7 a depth of 3 feet.
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GENERAL SAMPLING
EQUIPMENT AND PROCEDURES

5.1 SOIL BORINGS AND SOIL SAMPLING

5.1.1 Objective
The objective of this activity is to physically characterize the subsurface soils and
to confirm the local glacial stratigraphy.

5.1.2 Personnel and Responsibilities
A drill crew of two individuals will perform the borings for soil samples. A
geologist will supervise their efforts, collect soil samples and function as site
safety officer.

5.1.3 Methods
Borings will be drilled using 4.25-inch inner diameter (ID) x 8.5-inch outer
diameter (OD) or 6.25-inch ID x 10.25-inch OD hollow stem augers. Soil
samples will be collected with split spoon samplers, visually classified in the field
by a geologist and placed into the appropriate sampling jars. Soil samples will be
collected at 2.5 foot intervals. Selected soil samples will be analyzed in the
laboratory for grain size. Two samples will be collected from each boring for
analysis.

Soil samples will be selected for analysis based on visual observations, sample
depth and stratigraphy.
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5.2 LANDFILL CAP EVALUATION

5.2.1 Objective
The objective of this activity is to evaluate the effectiveness of the existing cap.

5.2.2 Personnel and Responsibilities
Test pits will be excavated by a crew of two individuals, one individual will
operate the backhoe under the supervision of a geologist. The geologist will
observe the excavation and record observations and function as the site safety
officer.

5.23 Methods
At each test pit location, topsoil will be carefully scraped away and placed to one
side. Cap materials will then be excavated and placed separately from the covered
materials. The on-site geologist will observe and describe and photodocument the
excavation. Excavations will be terminated at approximately 5 to 6 feet or when
the on-site geologist and U.S. EPA oversight professionals agree that the cap
profile has been adequately evaluated.

Air monitoring for health and safety purposes will be conducted with a
photoionization detector (PID).

Decontamination will include steam cleaning the backhoe bucket before the initial
excavation during each visit and between subsequent excavations to minimize
carry-over contamination.

5.3 SURFICIAL SOIL AND SEDIMENT SAMPLING

5.3.1 Objective
The objective of this activity is to chemically characterize site surficial
soils/sediments.

5.3.2 Personnel and Responsibilities
A crew of two individuals will collect samples.

5.3.3 Methods
Samples will be collected using a stainless steel trowel and will be transferred
directly to the appropriate sample jars. Samples will be analyzed in the laboratory
for U.S. EPA CLP TCL and TAL parameters, and physical parameters (TOC,
grain size, natural moisture content, and Atterberg limits).
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5.4 LANDFILL GAS MONITORING

5.4.1 Objective
The primary objective of this activity is to monitor the presence of landfill gas
(LG) within and outside the landfill and, if found, conduct analysis to determine
percent methane, oxygen, and carbon dioxide, and the presence and
concentrations of volatile organic compounds (VOCs).

5.4.2 Personnel and Responsibilities
A geologist, hydrogeologist, or field engineer, and a technician, will be
responsible for obtaining landfill gas samples.

5.4.3 Methods
Samples of landfill gas will be collected for VOC analysis in the following
manner:

• Samples will be collected in canisters provided by the analytical
laboratory. Each canister is under vacuum, and has a valve opening.

• One end of tygon tubing will be attached to the canister; the other end
will be attached to the gas probe that has been purged using a personal
sampling pump.

• The absolute pressure of the cannister is recorded and the valve
connecting the canister to the tubing will be opened for two minutes,
allowing the sample to collect in the canister.

• The valve will then be closed, and the tygon tubing disconnected and the
absolute measure again recorded. '

• The canister will be stored in a cooler for shipment to the laboratory.

• Appropriate field information will be included in the cannister sampling
field data sheet shipped with each canister.

Percent methane, oxygen, and carbon dioxide will be measured in the field using a
GasTech or similar monitoring instrument.
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5.5 LEACHATE SAMPLING

5.5.1 Objective
The primary objective of this activity is to chemically characterize leachate.

5.5.2 Personnel and Responsibilities
A team of two individuals will be responsible for the sampling.

5.5.3 Methods
Each leachate piezometer will be sampled using a stainless steel bailer attached to
stainless steel cable. The sampling equipment will be cleaned between wells with
a Liquinox or other non-phosphate detergent solution and will be rinsed with
de ionized water.

Decontamination will include steam cleaning or high pressure hot water washing
the drilling equipment and tools between field boreholes and detergent washing
and water rinsing the split-spoon samplers after each collected sample.
Decontamination fluids and borehole cuttings will be containerized and stored in a
secure area pending results of groundwater and soil analyses. If borehole cuttings,
purge water, decontamination water are found to be contaminated, these materials
will be disposed of appropriately after consultation with EPA.

5.6 MONITORING WELL INSTALLATION
AND ASSOCIATED TESTING

5.6.1 Objective
The objective of this activity is to determine groundwater flow direction and
physical characteristics of the geologic media in the site area.

5.6.2 Personnel and Responsibilities
Groundwater monitoring wells will be installed and soil borings performed by a
drill crew of two individuals each. Monitoring well installation and soil borings
will be supervised by a geologist, who will collect soil samples and function as
the site safety officer. Water levels will be measured by a technician. Hydraulic
conductivity tests will be performed by a team of two individuals.

5.6.3 Methods
Monitoring Well Installation - Each boring will be drilled using 4.25-inch ID or
6.25-inch ID hollow stem augers from ground surface to the base of the boring.
Soil samples will be collected at ground surface and at 2.5 ft intervals to the base
of the boring. Split-spoon samples will be analyzed for grain size and Atterberg
limits (if appropriate). The purpose of these analyses is to confirm field
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identification of soils and to assist in assessing subsurface soils as a contaminant
migration pathway. Soil samples will be field screened with a PID to assess
potential hazards to the field personnel.

Final soil boring logs will be prepared based on field observations, soil testing,
and laboratory sample classification. Soil samples and rock cores will be retained
by Warzyn for the respondents until termination of the RI/FS. Procedures for
sample handling are discussed in the QAPP.

Monitoring wells will be constructed of 2-inch ID Schedule 40 PVC pipe. Water
table wells will be constructed with 10-ft long, PVC screens placed so the screen
is likely to intercept the water table. Piezometers will be constructed with 5 ft
long PVC screens.

The annular space between the well and the edge of the borehole will be
backfilled with clean silica sand to approximately 2 ft above the top of the well
screen. At water table wells, the remainder of the annulus will be backfilled with
granular bentonite. At piezometers, a fine silica sand or bentonite pellets will be
placed above the filter pack and bentonite slurry placed above the fine silica sand
or bentonite pellets. The remainder of the annular space will be backfilled with a
sodium based bentonite slurry. Where more than 5 ft of slurry needs to be placed,
a tremie pipe will be used. A locking steel protective casing will be installed at
the surface of each well.

A PID will be used to monitor air quality for site safety purposes and to screen
soils for VOCs. Drill cuttings from the boreholes will be containerized if PID
readings exceed 5 ppm. Water used during the drilling operations and well
development will be containerized pending results of groundwater sample
analysis.

To minimize potential inadvertent contamination by drilling equipment and/or
inter-borehole contamination, steam cleaning will be used. The drill rig and
drilling tools will be steamed cleaned before mobilization onto the site. The
drilling tools coming into contact with site soils will be steam-cleaned between
each boring. Water from the steam cleaning will not be collected.

The split-spoon sampler will be cleaned in a liquinox or non-phosphate detergent
solution between samples. Water from split-spoon cleaning will not be collected.
Well pipe, screen and protective casings will be steam cleaned or washed with a
high pressure hot water washer before installation. Water from steam cleaning
will not be collected.
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New monitoring wells will be developed by alternatively surging and purging
each wells using a bailer for a minimum of 30 min. After the surge and purge
cycles are completed, the well will be pumped until 10 well volumes are removed
or until the well produces sediment free water. Purged water will not be collected.

Water Level Measurements - Water levels in existing and new monitoring wells
will be measured. An electronic water level indicator will be lowered into the
observation wells until the water level is reached. Depths will be recorded to the
nearest 0.1 ft.

In-Situ Hydraulic Conductivity Tests - Hydraulic conductivity will be
measured by drawdown testing in selected shallow water table wells and by air
pressure in deeper piezometers. Hydraulic conductivity testing will be conducted
after groundwater quality sampling. The methods to be used are as follows: .

• Measure water level with a tape and sounding device or electronic water
level indicator.

• Place the pressure transducer into the well and allow approximately
three minutes for the probe to equilibrate to the water temperature and
pressure.

• Install the well head device to seal the well head (for piezometers only).

• Enter the reference water level into the data logger and check the water
level using the pressure transducer until water level reading is stable.

• After a stabilized water level reading is obtained from the pressure
transducer, the well is pressurized with sufficient air pressure to displace
10 ft of water (0.4 PSI/ft of water) (for piezometers only).

• Air pressure is maintained until the water level reading from the
transducer is constant (for piezometers only).

• The air pressure is then instantaneously released while running the
pressure transducer recorder in the log sampling mode (for piezometers
only).

• At water table wells a single bailer full is removed to reduce the water
level, while running the pressure transducer recorder in the log sampling
mode.

• The test results are immediately printed out to obtain a hard copy.
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Data are transferred to a micro-computer.

5.7 GROUNDWATER QUALITY SAMPLING

5.7.1 Objectives
The objective of groundwater sampling is to determine the nature, magnitude and
extent of groundwater contamination.

5.7.2 Personnel and Responsibilities
A crew of two technicians will collect samples.

5.7.3 Methods
New and selected existing monitoring wells will be sampled during the
investigation. Sampling will not be conducted for a minimum of two weeks after
well development. Several private wells and municipal wells may also be
sampled during the investigation. Groundwater sampling will proceed from wells
expected to have the lowest contaminant concentrations (based upon observations
during drilling and existing groundwater quality data), to the wells suspected of
having the highest contaminant concentrations. Each sampled well will be purged
immediately prior to sampling using a submersible sampling pump, stainless steel
bailer attached to stainless steel cable, or bladder pump. The volume of water
removed from the well will be measured so that a minimum of three well volumes
are removed. Groundwater samples will be collected immediately after well
purging has been completed. Samples to be analyzed for VOCs will be collected
first to minimize volatilization.

The sampling equipment and water level measurement tape will be cleaned
between wells with a Liquinox or another non-phosphate detergent solution and
rinsed with deionized water.

Groundwater sample blanks will be collected by pouring deionized water from the
sampling device into the sample bottles. Matrix spike/matrix spike duplicate
samples will be collected using the same device used for groundwater sample
collection. Duplicate samples for volatile organics analysis will be obtained by
alternately filling VOC vials for the primary and duplicate sample. The remainder
of the sample for inorganic analysis, will be split between the principle sample
and the duplicate sample.
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5.8 SURFACE WATER CHARACTERIZATION

5.8.1 Objective
The objective of the surface water investigation is to chemically characterize
surface water.

5.8.2 Personnel and Responsibilities
A team of two technicians will collect surface water samples and provide their
own site safety monitoring,

5.8.3 Methods
VOC samples will be collected first to minimize volatilization. Samples for metal
analysis will be unfiltered. Surface water samples will be collected using stainless
steel dippers as sampling equipment. Sampling equipment will be
decontaminated using Liquinox or another non-phosphate detergent and rinsed
with deionized water.

5.9 PRIVATE/MUNICIPAL WELL SAMPLING

5.9.1 Objective
The objective of the private/municipal well sampling is to chemically characterize
water quality in area drinking water supplies.

5.9.2 Personnel and Responsibilities
A team of two technicians will collect samples.

5.9.3 Methods
Prior to sampling, the water system will be purged. Sampling will be conducted
at the tap closest to the source; screens, aerators, filters, etc. will be removed prior
to sampling. Water flow will be adjusted to a smooth-flowing stream and samples
collected directly in sample jars.
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DECONTAMINATION AND
INVESTIGATIVE WASTE DISPOSAL

PROCEDURES

6.1 DECONTAMINATION PROCEDURES

Procedures to be followed to decontaminate equipment and personnel are
described in the Site Health and Safety Plan. The procedures are summarized
below.

Site Personnel Decontaminate Procedure:

• Dispose of outer latex booties

• Wash boots in Liquinox bootwash

• Clean outer gloves in Liquinox wash solution (discard if too soiled to
clean thoroughly)

• Dispose of polycoated tyvek suits

• Dispose of surgical gloves

• Wash hands in hand wash

• Wash face and neck in face wash

• Clean and sanitize face mask
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Site personnel will perform the above mentioned decontamination procedure at a
specified decontamination area prior to leaving the site.

Discarded clothing and other articles will be collected in double-lined, heavy duty
garbage bags.

Equipment and vehicle decontamination procedure:

• Decontamination will be performed prior to site entry

• Decontamination will be performed on-site

• Gross contamination will be removed with a brush and Liquinox
solution

• Steam cleaning or hot water high pressure washing will follow

The drilling equipment and the backhoe will be steam cleaned or high pressure
hot water washed, at a designated decontaminat ion area, between
boring/excavation locations and prior to exiting the site. The equipment and
vehicle decontamination area will be constructed above grade adjacent to an
existing on-site manhole. The catchment will be lined and will drain to the
existing manhole. Collected waste water will be immediately pumped from the
manhole into the temporary leachate tanker and disposed of with the extracted
leachate. The equipment decontamination area will be located away from the
designated personnel decontamination area.

Decontamination will include steam-cleaning or hot water high pressure washing
the drilling equipment, backhoe and tools between boreholes and test pits, and
detergent washing and water rinsing the split spoon samplers after each collected
sample. The drill rig and equipment may also require scrubbing of accessible
parts with a detergent/water solution. Well materials will also be steam-cleaned
or hot water high pressure washed and wrapped in plastic until installed. The
bailer cable, trowels, spatulas, stainless steel bucket and water level measurement
tape will be cleaned with Liquinox or another non-phosphate detergent solution,
and rinsed with deionized water.

Equipment remaining on-site overnight will be decontaminated at the end of the
day, if not done earlier in the day.
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6.2 INVESTIGATIVE WASTE DISPOSAL PROCEDURES

Performance of the remedial investigation will generate liquid and solid
investigative wastes. The disposition of these wastes is described below.

6.2.1. Monitoring Well Fluids
Waste liquids derived from the development or purging for sampling of
monitoring wells will be collected and disposed with leachate.

6.2.2. Soils
Impacted soil will be generated through drill cuttings in the performance of soil
borings. These soils will be segregated on the basis of whether impacts are
indicated by PID field screening. Soils are considered impacted if PID readings
are greater than 10 ppm. Non-impacted soil (<10 ppm) will be left in the area
near the soil boring. Impacted soils (>10 ppm) will be stored on-site in a covered
roll-off container until a final site remedy is selected. When the final remedy is
implemented, the impacted soils may be incorporated with the waste under the
final remedy, or handled as a solid waste if they pass the TCLP test
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7

SAMPLE HANDLING AND ANALYSIS

7.1 PARAMETERS

Samples collected for chemical analysis will be analyzed by a laboratory
approved by the U.S. EPA Region V Contract Program Management Section
(CPMS). Chemical parameters for which groundwater and surface water may be
analyzed are summarized below:

• U.S. EPA CLP TCL organics
• U.S. EPA CLP TAL inorganics
• Field pH
• Field Specific Conductance
• Chloride
• Sulfate
• Alkalinity
• Nitrate - Nitrogen
• Nitrite Nitrogen
• Ammonia - Nitrogen
• Total Organic Carbon
• Total Dissolved Solids

Measurement of pH, specific conductance and temperature, dissolved oxygen and
redox will be performed in the field. The groundwater samples to be analyzed for
inorganics (with the exception of cyanide) will be field filtered with 0.45 micron
fil ters within 15 minutes of sample collection. Surface water and
private/municipal well samples will not be field filtered. Surficial soil and
sediment samples will be analyzed for U.S. EPA TCL and TAL parameters and
grain size, Atterberg limits, TOC, and natural moisture content. Soil samples
from monitoring well installation borings will be analyzed for grain size and
Atterberg limits (if appropriate).
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Soil samples from the landfill cap evaluation will be analyzed for grain size.
Atterberg limits, natural moisture content, density, and clay mineralogy. Leachate
samples will be analyzed for the same parameters as groundwater. Landfill gas
samples will be analyzed for VOCs, methane, oxygen, and carbon dioxide.

7.2 SAMPLE PRESERVATION

Samples will be collected and preserved in a manner appropriate for the analyses
they receive (see Table 1-2 of the QAPP). The portion of groundwater samples
requiring field filtering prior to analysis (see Table 1-2 of the QAPP) will be
filtered using a pressure filtration device, through a 0.45 micron filter, as soon as
possible after collection. Filtered portions of the samples will be preserved, as
appropriate, immediately after filtration. Sample fractions will be preserved
before shipment according to the procedures shown in Table 1-2 of the QAPP.
Preservatives added to the samples will be prepared using reagent grade
chemicals. Table 1-2 of the QAPP should be consulted for details regarding
sample packaging and shipping.
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8

SAMPLE DOCUMENTATION

Field sampling activities will be documented using a bound notebook/logbook.
Information recorded in the field notebook will include date of sampling, sampler,
weather conditions, observations and methods of preservation. Additional data
pertaining to sampling may also be included in the logbook. Landfill gas samples
collected in stainless steel canisters will be documented on canister sampling data
sheets.

Samples will be collected under chain-of-custody procedures. Standard forms
including sample labels, sample tags, chain-of-custody forms, and custody seals
used for sample tracking will be maintained (see attachments). A brief
description of sample documents follow:

A. Chain of Custody Form

1. One Form per shipping container (cooler).

2. Carrier service does not need to sign form, if custody seals remain
intact.

3. Use for all samples

B. Chain of Custody Seals

1. Two seals per shipping container to secure the lid and provide
evidence that samples have not been tampered with.

2. Cover seals with clear tape.

3. Record seal numbers on Chain of Custody Form.
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4. Use for all samples.

C. Sample Tags

1. Each sample container must have a sample tag affixed to it.

2. Sample tag numbers are recorded on the Chain of Custody Forms.

3. Use for all samples.

D. Sample Identification Record Form will:

1. Provide means of recording crucial sample shipping and tracking
information.

2. Contain information such as:

• Sample number
• Sample matrix
• Sample location code
• Sample round /
• Chain of custody number
• Lab code
• Date sampled
• Date shipped
• Airbill number
• Sampling tag number

Paperwork accompanying the samples being shipped to the laboratory will be
sealed in a plastic bag that is taped to the inside of the cooler lid. Copies of the
chain-of-custody forms, and other paperwork (if possible), will be retained with
the field files.

Two sample seals will be placed on opposite sides of the lid and extending down
the sides of the cooler. The lid will be securely taped shut prior to shipment

PMS/JDD/vlr/AJS
[mad-606-172b]
6095300/154
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Effective: 5~-23-<?/

ALKALINITY - AUTOANALYZER

Scope and Application: This method is applicable to drinking water, surface water,
groundwater and wastewater.

Reference: EPA 1983, Method 310.2 Lachat Instruments 1988, Method 10-303-31-1-A

Sample Handling Refrigerate at 4°C and analyze within 14 days of collection.

Detection Limit 10 mg/L as CaCC-3

Optimum Range; 10 - 500 mg/L

Instrument Conditions:

1. Pump speed: 35
2. Cycle period: 40 seconds
3. Load period: 25 seconds
4. Inject period: 15 seconds
5. Inject to start of peak period: 5 seconds
6. Inject to end of peak period: 44 seconds
7. Gain: 150x10
8. Zero: 180
9. Interference filter: 410 nm
10. Sample loop: 90 cm
11. Standards for curve set-up: 0, 20, 50, 100,250, 500 mg/L.

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

1. Degassed Milli-Q water - 2 options:

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water
(15 min/20 L.) Store in cubitainer.

2. Stock alkalinity standard (1000 mg/L as CaCCty: In a 1 liter volumetric flask,
dissolve 1.060 g of anhydrous primary standard grade sodium carbonate (Na2CO3-
dried at 250°C for 4 hours) in approximately 900 mL of helium purged Milli~Q water,
and dilute to mark.

3. Standards: (Prepare fresh every month). Dilute to volume using degassed Milli-Q
water. Refrigerate.

[WCCONT-202] ALKAAC3-1



Concentration Letter Volume of Dilute
of Standard Identifier Alk. Stock to

Omg/L A 0 200 mL
20mg/L B 4.0 200 mL
50mg/L C 10 200 mL

lOOmg/L D 50 500 mL
250mg/L E 125 500 mL
500mg/L F 100 200 mL

CRDL10 mg/L 2.0 200 mL

Note: Final volumes are not the same! Computer refers to standards by letter.

4. Hydrochloric acid (OJM): In a 1 liter flask, dilute 8.3 mL of concentrated HCL in
D.I. water and dilute to the mark.

5. KHP buffer (0.025 M, pH 3.1): In a 1 liter flask, dissolve 5.10 g of primary standard
grade potassium acid phthalate (KHP) (KHCgifyC^) in approximately 800 mL of
Milli-Q water. Add 70 mL of 0.1M HC1, then carefully, add additional acid to bring
pH to between 3.10 and 3.12. Note: Use only 0.1M HCL to adjust the pH of buffer.
Do not back adjust the pH with NaOH. Vacuum filter through a 0.45 micron
membrane filter. Store In Glass and Prepare Daily!

6. Methyl orange reagent In a 1 liter volumetric flask, dissolve 0.125 g of methyl orange
indicator in about 700 mL of Milli-Q water and dilute to the mark. Mix well and
vacuum filter through a 0.45 micron membrane filter before each use. Store in amber
glass! Note: Amount of methyl orange may be adjusted to correct for variances in
lots of methyl orange.

Notes:

1. Samples must be diluted to obtain concentrations within the optimum working range.

2. The gain and zero settings are guidelines and must be optimized each day.

3. The alkalinity standards can be combined with chloride and sulfate standards for use
with the 3 channel method.

4. Turbidity will interfere. Samples must be filtered prior to analysis. (Use Whatman
#1 or #4 filter paper.)

5. Color will interfere, dilute the sample and also spike the dilution to confirm the
quality of the result.

[WCCONT-202] ALKAAC3-2



System Operation:

1. Refer to "Auto Analyzer Operation start-up procedure." (IOP# LAAC-Section A).

2. Analyze an initial calibration check standard, a blank, a CRDL standard and a known
reference standard at the beginning of each run. The blank must be below the
detection limit and the standards must be within required control limits before any
samples are analyzed.

3. Spike samples by mixing sample with an equal volume of 250 mg/L standard (E), for a
final spike level of 125 mg/L.

4. The calibration check standard is 100 mg/L (D).

5. Refer to "Auto Analyzer shut-down procedure". (IOP# LAAC-Section B).

Quality Control;

1. Establish a standard curve with the standards listed above. The derived concentration
of each calibration must be + 10% of the true value. The derived value for the blank
must be below the method detection limit.

2. The CRDL standard concentration should be at the method detection limit (MDL).
Results must be within the acceptable limits of ± the MDL or the instrument must be
re-calibrated before samples are analyzed.

3. A quality control calibration check standard of 100 mg/L (D) and a blank are to be
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed,
a calibration check standard and blank are still required. The last samples analyzed in
the run are to be the calibration check standard and blank. Standards must be within
the acceptable ranges and blanks must be below the method detection limit or the
samples run after the last acceptable calibration check standard and blank are to be
reanalyzed.

4. Duplicate and spike a minimum of 1 put of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are
to be within acceptable ranges or data must be flagged appropriately.

Calculation:

1. Calculate with Lachat QuikChem software, in the concentration mode, using the IBM
XT computer. See LAAC SOP for further detail.

[WCCONT-202] ALKAAC3-3



AUTOANALYZER

Scope and Application: Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection

References: Lachat Instruments, 1986.
Sample Handling: See separate SOP's for requirements.

Reagents and Apparatus:

1. Lachat 3-channel autoanalyzer
2. Stock and standard ion solutions
3. Class A volumetric flasks
4. Class A volumetric pipets
5. Milli-Q water
6. Required interference filters
7. Disposable 4 mL cups
8. Automatic sampler
9. Proportioning pump

10. Injection module
11. Colorimeters
12. Manifolds
13. Columns - if needed
14. Helium gas
15. Computer
16. Printer

Procedure:
A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the
printer.

2. Depress red power switch on rear power strip on Lachat system.

3. Select manifold and make appropriate hydraulic connections.

Hydraulic connections:

[C-AA-A]
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a. Use correct sample loop length to connect. Lines 1, 4.

b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.
f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.

4. Insert correct filter.
5. Pump Milli-Q water through lines for 5 minutes by depressing the

pump ON button. Check for leaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

7. Put lines into reagents and/or degassed Milli-Q water.

8. Computer - Select "Load/Stop Background Method" on the master menu.
Press <enter>.

9. Select appropriate method. Press <enter>.

10. Printer should be set at FONT 0.

11. Pump reagents until a steady baseline is achieved.

12. When using a method with a column (SOa or N03), the column may be
inserted at this point. See method SOP's for more details.

13. For each analytical channel, adjust zero knob so that the baseline
is near the bottom of the screen (between .000 - .030).

14. Adjust gain while injecting top standard.

a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED light is red. This is the load position.

c. After 25 seconds (or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject
position.

[C-AA-A]
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d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.
f. Wipe probe and replace the autosampler probe into the sampler.

15. Select menu item by going into foreground. (Press and hold Alt
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID's". Press <enter>.

e. Type in sample information. Check standards will automatically
be placed in the tray information portion.

f. Press Esc once to return to menu.

16. Put tray with samples in appropriate cup locations on autosampler.
Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <enter>.

17. The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run and all the check
standards are within QC ranges, recalibration for the next tray is
not necessary. Select appropriate option. Press <enter>.

18. Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

After calibration is complete:

go into the foreground (Press Alt, Esc keys)

select "display calibration graph" (Press <enter>)
review the data

return to the background (Press Alt, Esc keys)

[C-AA-A]
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- press "G" for good calibration. Analysis will continue.

- press "R" for re-calibration. Remember to refill standard
cups and reposition sample tray before pressing "R"!

B. Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)?" Press "Yes". Press Esc key to return to main menu.

2. If column is used, stop the pump and disconnect from manifold.

3. Pull lines from reagents into a wash beaker of D.I..

4. Pump D.I. through lines for 2-5 minutes.

5. Pump air through lines until manifold is dry.

6. Turn off pump.

7. Release tubing cartridges and lower tension levers. Release
tubing.

8. Turn off main switch on rear power strip.

9. Empty and rinse waste containers, if necessary.

10. Perform back-up on current data files, once a week. (See
Section C)

11. Turn off the computer and printer.

C. Backinq-up the Data Files

1. Exit to DOS

2. At C> Type: cd\fialab\data Press <enter>
*3. At C> Type: copy .rpt a: Press <enter>

After everything is copied - remove disc.

4. At C> Type: del *.* Press <enter>

5. Are you sure (Y/N)? Type: Y Press <enter>

6. At C> Type: cd\ Press <enter>
7. Turn off the red switch on the computer power strip to turn off the

computer, printer and screen.

[C-AA-A]
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D. Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
a high degree of confidence in the determined sample values. See
Figure 1.

[C-AA-A]
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Problem: Cause:

Negative peak

Reproduceable dip when valve
switches (before peak)

Odd looking'peaks

Shifting baseline

Peak too early/late

Peak cut off in window

Reproduceable dip after peak

Small intermittent peaks

1. Contaminated carrier
2. Bad or no SC>4 column or sample

extremely high in hardness
3. Samples high in oxidizing agents

1. Bad color reagent
2. Could -also be valve turning artifact caused

by a highly colored reagent

1. Index of refraction problem, matrix related
(usually acid or pH buffering)

2. Also method interferences: high hardness
on SC>4 method, oxidizing samples on
nitrate method

3. Bad reagents

1. Flow problem .
2. Precipitate build-up on SC>4 manifold

tubing

1. Usually flow problem
2. Valve not set to an initial load position

state before starting run
3. Incorrect pump setting or other timing

problem

1. Reagents exceeded-reagents improperly
prepared

2. Standards incorrectly prepared

1. Bad column

1. Milli-Q or reagents not degassed properly
or adequately

2. Waste line coil not installed (for the
methods which require it)

Three basic areas of troubleshooting:
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing)
2. Chemistry
3. Timing (not usually a problem after initial development)

BLH/rff
[rff-genpol-604]
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Effective:

HARDNESS AUTOANALYZER

Scope and Application; This method is applicable to drinking water, surface water,
groundwater and wastewater.

References; EPA 1983, Method 130.1
Lachat Instruments 1989, Method 10-301-3 1-1-B

Detection Limit 10 mg/L.

Optimum Concentration Range; 10-500 mg/L

Sample Handling; Preserve with HNO3 to a pH < 2, refrigerate at 4°C and analyze within 6
months of collection.

Instrument Conditions;

1. Pump speed: 35
2. Cycle period: 55 seconds
3. Load period: 30 seconds
4. Inject period: 30 seconds
5. Inject to start of peak period: 18 seconds
6. Inject to end of peak period: 69 seconds
7. Gain: 620
8. Zero: 100
9. Interference filter: 520 nm
10. Sample loop: Microloop
11. Standards for curve set-up: 0, 50, 100, 200, 400, 500 mg/L

Reagent Preparation; (Prepare fresh every 6 months, unless otherwise noted.)

1. Degassed Milli-Q water - 2 options;

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through 20 L Milli-Q water
for about 15 minutes. Store in cubitainer.

2. Stock hardness standard (1000 mg/L); Place 1.000 g anhydrous calcium carbonate
(primary standard) in a liter volumetric flask. Add 1+1 HCL, a little at a time, until
all the CaCC»3 is dissolved. Add 200 mL of D.I. water. Boil for a few minutes to
expel CO2- Cool. Adjust to a pH of 5.4 using 3N NtfyOH or 1 + 1 HCL. Dilute to 1
liter with D.I. water. Refrigerate.

3. Ammonium Hydroxide (3N); In a liter flask, dilute 210 mL of concentrated NH4OH
to mark with D.I. water.

4. Standards; Prepare in 200 mL volumetric flasks using D.I. water. Preserve with 0.3
. Refrigerate.
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Concentration
of Standard

Omg/L
50mg/L

lOOmg/L
200mg/L
400mg/L
500mg/L

Letter
Identifier

A
B
C
D
E
F

Volume of
Stock Standard

OmL
10 mL
20 mL
40 mL
80 mL

100 mL

Dilute
To

200 mL
200 mL
200 mL
200 mL
200 mL
200 mL

CRDL lOmg/L 2.0 mL 200 mL

5. Ammonium chloride buffer (pH = 1LO): Dissolve 67.6 g of ammonium chloride
(NFfyCl) in 572 mL concentrated ammonium hydroxide (NIfyOH, 29.0%). Transfer
to a liter volumetric flask and dilute to the mark with D.I. water. Filter before use to
degas solution.

Note: Prepare and filter in the fume hood.

6. Calmagite indicator. Dissolve 0.25 gcalmagite in 500 mL of D.I. water. Stir 30
minutes on a magnetic stir plate. Filter through 0.45 micron filter paper, before each
use.

7. Magnesium ethylenediamine-tetraacetate: Dissolve 0.20 g Mg EDTA magnesium
salt in a liter volumetric, dilute to the mark using degassed Milli-Q water. (The
sodium salt of Mg EDTA may be substituted.)

Notes:

1. Degas buffer before each run.

2. Filter calmagite through 0.45 micron filter paper before each run.

3. Allow reagents to warm up before starting run.

4. Samples must be diluted to obtain concentrations within the optimum working
range.

5. The gain and zero settings are guidelines and must be optimized each day.

6. Any sample with turbidity must be filtered prior to analysis. (Use Whatman #1 or
#4 filter paper).

7. Color is an interference, dilute the sample and also spike the dilution to confirm the
quality of the result. Record on data sheet.

System Operation;

1. Refer to "Auto Analyzer Operation Start-up Procedure".
(IOP# LAAC-Section A).
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2. Analyze an initial calibration check standard, a blank, a CRDL standard and a
known reference standard at the beginning of each run. The blank must be below
the detection limit and standards must be within required control limits before any
samples are analyzed.

3. To spike samples mix equal volumes of sample and 400 mg/L standard (E) for a final
spike level of 200 mg/L.

4. The calibration check standard is 200 mg/L (D).

5. Refer to "Auto Analyzer Shut-down procedure". (IOP# LAAC-Section B).

Quality Control;

1. Establish a standard curve with the standards listed above. The derived
concentration of each standard must be ± 10% of its true value. The derived
concentration of the blank must be less than the method detection limit.

2. The CRDL standard concentration should be the method detection limit (MDL).
Results must be within acceptable limits of ± the MDL or the instrument must be
recalibrated before samples are analyzed.

3. A quality control calibration check standard of 200 mg/L (D) and a blank are to be
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed,
a calibration check standard and blank are still required. The last samples analyzed
in the run are to be the calibration check standard and blank. Standards must be
within the acceptable ranges and blanks must be below method detection limit or the
samples run after the last acceptable calibration check standard and blank are to be
reanalyzed.

4. Duplicate and spike a minimum of 1 put of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates
are to be within acceptable ranges or data must be flagged appropriately.

Calculations;

1. Calculate with Lachat QuikChem software, in the concentration mode, using the
IBM XT computer.

[WCCONT-219] HARDAAC2-3



AUTOANALYZER

I

Scope and Application: Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection

References: Lachat Instruments, 1986.
Sample Hand!ing: See separate SOP's for requirements.

Reagents and Apparatus:

1. Lachat 3-channel autoanalyzer
2. Stock and standard ion solutions
3. Class A volumetric flasks
4. Class A volumetric pipets
5. Milli-Q water
6. Required interference filters
7. Disposable 4 mL cups
8. Automatic sampler
9. Proportioning pump

10. Injection module
11. Colorimeters
12. Manifolds
13. Columns - if needed
14. Helium gas
15. Computer
16. Printer

Procedure:
A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the
printer.

2. Depress red power switch on rear power strip on Lachat system.

3. Select manifold and make appropriate hydraulic connections.

Hydraulic connections:

[C-AA-A]
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a. Use correct sample loop length to connect. Lines 1, 4.

b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.

f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.
4. Insert correct filter.

5. Pump Milli-Q water through lines for 5 minutes by depressing the
pump ON button. Check for leaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

7. Put lines into reagents and/or degassed Milli-Q water.
8. Computer - Select "Load/Stop Background Method" on the master menu.

Press <enter>.
9. Select appropriate method. Press <enter>.

10. Printer should be set at FONT 0.

11. Pump reagents until a steady baseline is achieved.
12. When using a method with a column (SOa or N03), the column may be

inserted at this point. See method SOP's for more details.
13. For each analytical channel, adjust zero knob so that the ba-seline

is near the bottom of the screen (between .000 - .030).

14. Adjust gain while injecting top standard.
a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED light is red. This is the load position.

c. After 25 seconds (or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject
position.

[C-AA-A]
LAAC-2



d. Adjust gain knob on detector so that peak reading on the
col orimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.

f. Wipe probe and replace the autosampler probe into the sampler.

15. Select menu item by going into foreground. (Press and hold Alt
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID's". Press <enter>.

e. Type in sample information. Check standards will automatically
be placed in the tray information portion.

f. Press Esc once to return to menu.

16. Put tray with samples in appropriate cup locations on autosampler.
Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <enter>.

17. The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run-and all the check
standards are within QC ranges, recalibration for tKe next tray is
not necessary. Select appropriate option. Press <enter>.

18. Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

After calibration is complete:

go into the foreground (Press Alt, Esc keys)

select "display calibration graph" (Press <enter>)
review the data

return to the background (Press Alt, Esc keys)
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- press "G" for good calibration. Analysis will continue.

- press "R" for re-calibration. Remember to refill standard
cups and reposition sample tray before pressing "R"!

B. Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)?" Press "Yes". Press Esc key to return to main menu.

2. If column is used, stop the pump and disconnect from manifold.

3. Pull lines from reagents into a wash beaker of D.I..

4. Pump D.I. through lines for 2-5 minutes.

5. Pump air through lines until manifold is dry.

6. Turn off pump.

7. Release tubing cartridges and lower tension levers. Release
tubing.

8. Turn off main switch on rear power strip.

9. Empty and rinse waste containers, if necessary.
10. Perform back-up on current data files, once a week. (See

Section C)

11. Turn off the computer and printer.

C. Backinq-up the Data Files

1. Exit to DOS

2. At C> Type: cd\fialab\data Press <enter>

3. At C> Type: copy *.rpt a: Press <enter>
After everything is copied - remove disc.

4. At C> Type: del *.* Press <enter>
5. Are you sure (Y/N)? Type: Y Press <enter>

6. At C> Type: cd\ Press <enter>

7. Turn off the red switch on the computer power strip to turn off the
computer, printer and screen.
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D. Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
a nigh degree of confidence in the determined sample values. See
Figure 1.
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Problem: Cause:

Negative peak

Reproduceable dip when valve
switches (before peak)

Odd looking peaks

Shifting baseline

Peak too early/late

1. Contaminated carrier
2. Bad or no SC>4 column or sample

extremely high in hardness
3. Samples high in oxidizing agents

1. Bad color reagent
2. Could also be valve turning artifact caused

by a highly colored reagent

1. Index of refraction problem, matrix related
(usually acid or pH buffering)

2. Also method interferences: high hardness
on 864 method, oxidizing samples on
nitrate method

3. Bad reagents

1. Flow problem _
2. Precipitate build-up on SO4 manifold

tubing

1. Usually flow problem
2. Valve not set to an initial load position

state before starting run
3. Incorrect pump setting or other timing

problem

Peak cut off in window

Reproduceable dip after peak

Small intermittent peaks

1. Reagents exceeded-reagents improperly
prepared

2. Standards incorrectly prepared

1. Bad column

1. Milli-Q or reagents not degassed properly
or adequately

2. Waste line coil not installed (for the
methods which require it)

Three basic areas of troubleshooting:
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing)
2. Chemistry
3. Timing (not usually a problem after initial development)

BLH/rff
[rff-genpoI-604]



APPENDIX B-3

AMMONIA NITROGEN (WARZYN)



Effective Date /-.-3^

AMMONIA NITROGEN

Scope and Application: This method is applicable to the determination of
ammonia-nitrogen in drinking water, surface water,
groundwater, sludges, soils, and industrial wastes.

Method: Micro-distillation, Colorimetric

Reference: EPA, 1983, Method 350.2

Detection Limit: 0.10 mg/L for aqueous samples
5.00 mg/kg for soils and sludges

Optimum Range: 0.10 - 2.00 mg/L for aqueous samples
5.00 - 100 mg/kg for soils and sludges

Sample Handling: Acidify aqueous samples with concentrated sulfuric acid to
pH <2 and refrigerate at 4°C. Refrigerate soils and sludges
at 4°C. Analyze within 28 days of sampling.

Reagents and Apparatus:

1. Kjeldahl flasks, 100 mL
2. Keeney distillation apparatus
3. Spectrophotometer, set at 425nm with sipper cell
4. Erlenmeyer flasks, 50 mL
5. Sulfuric acid, concentrated
6. Milli-Q water
7. pH meter, 0.1 pH unit sensitivity
8. Volumetric glassware, Class A (pipets and flasks)
9. Top loading balance, O.Olg sensitivity
10. Graduated cylinders, 50 mL
11. Mixing cylinders, 50 mL
12. Ammonium chloride (NFfyCl)
13. Boric acid (̂ 3803)
14. Mercuric iodide (Hgl?)
15. Potassium iodide (KI)
16. Sodium hydroxide (NaOH)
17. Sodium tetraborate ̂ 28407-10̂ 0)
18. Sodium thiosulfate (NaoSpOs-S^O)
19. Analytical balance, O.OOOlg sensitivity
20. 150 mL beaker
21. Stir bars and stir plate

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated).

1. Ammonium chloride stock solutiondOOO mg/L): In a 1 liter volumetric
flask, dissolve 3.819g NH^l in approximately 300 mL Milli-Q water and
bring to volume. Preserve with 1̂ 804 to a pH<2. Refrigerate.

[INORGSOP]
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NOTES:

Ammonium chloride standard solution (10 mq/U : Dilute 10.0 mL of the
ammonium chloride stock solution to 1 liter with Milli-Q water in a
volumetric flask. Preserve with ̂ $04 to a pH<2. Prepare monthly.
Refrigerate.
Boric acid solution: Dissolve 20. Og ̂ 603 in Milli-Q water and dilute
to 1 liter in a volumetric flask.

Nessler reagent: Dissolve lOOg of mercuric iodide and 70g of potassium
iodide in about 200 ml of Mill-Q water. Add this mixture slowly, while
stirring to a COOLED solution of 160g NaOH in 500 ml Milli-Q water.
Dilute the mixture to 1 liter. Store in a Pyrex bottle and keep out of
direct sunlight. Refrigerate. NOTE: Commercially available.

Sodium hydroxide (IN): Dissolve 40g of NaOH in Milli-Q water and
dilute to 1 liter.

Sodium hydroxide (O.IN): Dilute 100 ml of IN NaOH to 1 liter with
Milli-Q water.

7. Sodium tetraborate solution (0.025M): Dissolve 9.5g of
or 5.0g anhydrous ̂ 28407 in Milli-Q water and dilute to 1 liter.

8. Borate buffer: Add 88 ml of 0.1N NaOH solution to 500 ml of 0.025M
sodium tetraborate solution. Dilute to 1 liter with Milli-Q water.

Sodium thiosulfate (1/70N): Dissolve 3.5g Na2S203'5H20 in Milli-Q
water and dilute to 1 liter. (1 mL of this solution will remove 1 mg/L
of residual chlorine in 500 mL of sample).

1. Residual chlorine must be removed prior to distillation by pretreating
the sample with sodium thiosulfate solution.

2. Pre-steam the distillation apparatus with 10% NaOH before use.

3. Cyanate and some volatile alkaline compounds may cause an off-color
nesslerization. This off-color can be eliminated by boiling the sample
at a low pH (pH 2-3) to drive off the compound. This should be done
prior to the distillation step.

Procedure: Sample must be homogenized prior to analysis to ensure a
representative sample aliquot.

Distillation:

1. All glassware is to be soap and water washed, tap water rinsed, and
Milli-Q water rinsed prior to use.
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2. The reservoir should be 2/3 full with Milli-Q water. Add a few boiling
chips. Add sulfuric acid to reservoir to bring to a pH <2. Turn on
the heater. Set heater control to HIGH. Allow the steam reservoir to
heat up. This unit will take about 45 minutes to heat-up. Turn the
heater control to about a setting of 8 and bring to boiling. Analysis
can begin once boiling begins.

3. Prepare the distillation apparatus as follows: Steam out the
distillation apparatus with a 10% NaOH solution. Turn on water and
continue until 40 ml has been distilled.

4. Aqueous samples:

Place 50 ml or an aliquot of sample diluted to 50 ml in a 150 ml
beaker. Record the volume used. Add IN NaOH while stirring very
slowly until the pH is 9.5 +0.1 using pH meter.

To spike: Place 50 ml sample and 5 ml of the 10 mg/L ammonia standard
into a beaker, adjust pH to 9.5 +0.1 and continue with procedure.
Final spike level is 1.0 mg/L.

Non-aqueous samples:

Place approximately l.Og in a 150 ml beaker. Record weight used. Add
50 ml Milli-Q water and adjust the pH with IN NaOH, while stirring
slowly, to pH 9.5 +0.1 using pH meter.

To spike: Place l.Og sample, 5 ml of the 10 mg/L ammonia standard in
the beaker. Add 50 mL Milli-Q water', adjust pH, and continue with
procedure.

5. Transfer the pH-adjusted sample to a 100 mL Kjeldahl flask. Add 2.5 mL
of borate buffer.

6. Add 5 mL of boric acid to a 50 mL Erlenmeyer flask and place flask at
the condenser outlet with the tip of the condenser immersed in the
boric acid.

7. Connect the Kjeldahl flask to the distillation apparatus and secure
with springs.

8. Close the stopcock on the condensation chamber. Close the drain
stopcock. The steam will now pass through the Kjeldahl flask.

9. Steam distil! 30-40 mL at a rate of 4-5 mL/min.

10. Rinse tip of condenser into erlenmeyer flask, remove the erlenmeyer
flask.

11. Rinse the tip of the condenser and steam outlet into a waste beaker.
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12. Continue distilling remaining samples, blanks and standards. When all
samples, blanks and standards are distilled, the colorimetric
determination can be performed.

Colorimetric Determination:

1. Prepare the following series of blanks and standards in 50 ml mixing
cylinders containing 5 mLs of boric acid solution (These do not need to
be taken through the distillation step).

ml of 10 mg/L
ammonium chloride Dilute Concentration

solution___ to (mq/L)___

0 50 ml BLANK
0.5 50 ml 0.10
1.0 50 ml 0.20
2.0 50 ml 0.40
5.0 50 ml 1.00
10.0 50 ml 2.00

2. Add 2.0 mL of Nessler reagent to the blank and standards. Stopper and
mix by inverting several times.

3. After 20 minutes, read the absorbances on the spectrophotometer set at
425nm using the sipper cell. Zero the spectrophotometer to the reagent
blank.

4. Transfer distilled samples to 50 mL mixing cylinders and dilute to
50 ml with Milli-Q water. Mix.

5. Determine the ammonia in the distillate as follows:

• Transfer 25 mL of distillate, or an aliquot diluted to
25 mL, to a mixing cylinder.

• Add 1 mL of Nessler reagent and mix by inverting several times.

• After 20 minutes, read the absorbance as described in Step 3.

Calculations:

1. Aqueous Samples:

a. Calculate using linear regression.

b. Multiply in any dilution factors performed in the distillation and
colorimetric steps to obtain the final result in mg/L.
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2. Non-Aqueous Samples:

a. Calculate using regression to obtain a mg/L value.
b. Multiply in any dilution factor performed in the colorimetric step

(mg/L).

c. Multiply result obtained from "Step b" by 50 and divide by grams of
sample used to obtain the final result in mg/kg.

Qual itv Control:

4.

Establish a standard curve with the standards listed above plus a blank.
Record the absorbance check standards (1.00 mg/L) in the absorbance check
book. The absorbances should remain consistent from run to run. If not,
necessary troubleshooting must be performed before continuing (check
wavelength, spectrometer bulb, solutions, etc.).

A distilled blank, standard (1.00 mg/L), and known reference standard are
to be analyzed at the beginning of the analytical run. The standards
must be within acceptable ranges and the blank less then the detection
limit, or troubleshooting must be performed.

A quality control calibration standard of 1.00 mg/L and a blank are to be
analyzed, initially and after every 10 samples. This standard does not
need be carried through the distillation procedure. The last samples
analyzed in the run are to be the calibration standard and blank. These
standards must be within the acceptable ranges (+ 10% of the true value)
or the samples run after the last acceptable check standard are to be
reanalyzed.
Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and spike are still required. Spike
recoveries and duplicate results are to be within acceptable ranges, or
data must be flagged appropriately.
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APPENDIX B-4

TOTAL DISSOLVED SOLIDS (WARZYN)



Effective Date:__b

TOTAL DISSOLVED SOLIDS

Scope and Application; This method is applicable to drinking water, surface water,
groundwater, and domestic and industrial wastewaters.

Method: Gravimetric, dried at 180° C.

Reference: EPA 1983, Method 160.1

Detection Limit: 10 mg/L (using a 100 mL sample volume)

Sample Handling Refrigerate at 4°C and analyze sample within 7 days of sampling.

Reagents and Apparatus:

1. Glass fiber filters, Whatman GF/C
2. Gelman filtration funnel and support
3. Suction flask, 1000 mL
4. Porcelain evaporating dishes
5. Volumetric pipet, 50 mL
6. Drying oven at 180° C± 2°C
7. Desiccator
8. Analytical balance
9. Deionized water

Notes:

1. Interferences: Samples with high concentrations of bicarbonate, Ca, Mg, Cl, and
SO4 will require prolonged drying, desiccation, and rapid weighing.

2. Total residue should be < 200 mg. Excessive residue ( > 200 mg) is difficult to dry
thoroughly. Use a smaller volume if TDS is suspected to be high; likewise use a
larger volume if TDS is suspected low.

3. Groundwater samples which have already been filtered through a 0.45 micron
membrane filter do not need to be carried through the filtration step of the
procedure.

Procedure:

1. All glassware is to be soap and water washed, tap rinsed and deionized rinsed prior
to analysis.

2. Evaporating Dish Preparation: If volatile dissolved solids are also to be analyzed,
prepare the evaporating dishes by ashing at 550 ± 50° C for one hour in a muffle
furnace.
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Otherwise, heat the dishes at 180 ± 2°C for one hour. Cool in desiccator. Weigh.
Record the weight. The dishes must be cool before being weighed (about one hour).
Repeat this cycfe until a constant weight is obtained (± 0.5 mg).

3. Filter Preparation: Place the glass fiber filter on the filtration support, place the
funnel on top, and wash the filter with three 20 mL portions of deionized water
while vacuum is applied. Discard the washings. The filters may be prepared ahead
of time. If this is the case, dry them for 1 hour at 103 -105 °C and store in the
desiccator until needed.

4. Assemble the filtering apparatus, place a prepared filter on the support and begin
suction. Shake the sample and measure out 100 mL in graduated cylinder.

5. Pour sample into filtering apparatus. Apply vacuum until all the sample has been
filtered.

6. Pipet 50 mL of filtered sample (less, if the sample is expected to have a high
dissolved solids content) into a prepared evaporating dish.

7. Evaporate the sample to dryness in the oven at 180 ± 2°C. Cool in a desiccator for at
least one hour and weigh. Repeat the drying cycle until the weight loss is £ 0.5 mg.

Quality Control;

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, a duplicate is
still required. Duplicates are to be within acceptable ranges, or data must be flagged
appropriately.

2. A blank must be analyzed with every set of samples. (This is a check on
contamination, cleanliness of dishes, oven, pipettes, etc.)

3. An EPA or ERA reference standard must be analyzed at the beginning of each
analytical run.

Calculations:

TDS, mg/L = (A-B) x 1000000
C

Where A = weight of dish plus residue (g)
B = weight of dish (g)
C = volume of filtered sample used (mL)
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Effective: S-H -

CHLORIDE - AUTOANALYZER

Scope and Application; This method is applicable to drinking water, surface water,
groundwater and wastewater.

Reference; EPA 1983, Method 325.2
Lachat Instruments 1987, Method 10-117-07-1-B

Detection Limit 2mg/L.

Optimum Range; 2 - 100 mg/L

Sample Handling Refrigerate at 4eC and analyze within 28 days of collection.

Instrument Conditions;

1. Pump speed: 35
2. Cycle period: 30 seconds
3. Load period: 8 seconds
4. Inject period: 15 seconds
5. Inject to start of peak period: 8 seconds
6. Inject to end of peak period: 31 seconds
7. Gain: 200
8. Zero: 250
9. Interference filter: 480 nm
10. Sample loop: 20 cm
11. Standards for curve set-up: 0, 10, 20, 50, 80, and 100 mg/L

Reagent Preparation; (Prepare fresh every 6 months, unless otherwise stated.)

1. Degassed Milli-Q water - 2 options:

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water
(15 min/20 L.) Store in cubitainer.

2. Stock chloride standard (1000 mg/L): Dry 2 g of primary grade sodium chloride
(NaCl) at 140° C overnight. In a 1 liter volumetric flask, dissolve 1.648 g of dried
primary grade sodium chloride (NaCl) in 500 mL D.I. water. Dilute to the mark and
invert to mix. Refrigerate.

3. Standards: (Prepare fresh every month). Dilute to volume using D.I. water.
Refrigerate.
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Concentration Letter Volume of Dilute
of Standard Identifier Chloride Stock (ml) to

Omg/L . A 0 200 mL
lOmg/L B 2.0 200 mL
20mg/L C 4.0 200 mL
50mg/L D 25 500 mL
80mg/L E 40 500 mL

lOOmg/L F 20 200 mL

CRDL 2 mg/L 2.0 1000 mL

Note: Computer refers to standards by letter. Final volumes are not the same!

4. Stock mercuric thiocyanate reagent: In a 1 liter volumetric flask, dissolve 4.17 g of
mercuric thiocyanate (Hg(SCN)2) in one liter of methanol. Invert to mix. Store in
amber glass. Refrigerate.

Caution: Mercury is a very toxic metal. Wear gloves! ^

5. Stock ferric nitrate reagent (0.5M): In a 1 liter volumetric flask, dissolve 202.0 g of
ferric nitrate (Fe(NC>3)3) • 9H2O in approximately 800 mL of deionized water. Add
25 mL of concentrated nitric acid and dilute to one liter. Invert to mix. Refrigerate.

6. Combined color reagent: Mix 150 mL of stock mercuric thiocyanate solution with
150 mL of stock ferric nitrate reagent and dilute to 1000 mL with deionized water.
Vacuum filter through a 0.45 micron membrane filter. Store at room temperature.
Do Not Refrigerate.

Notes:

1. Samples must be diluted to obtain concentrations within the optimum working
range.

2. The gain and zero settings are guidelines and must be optimized each day.

3. The chloride standards may be combined with alkalinity and sulfate standards for
use with the 3 channel method.

4. Any sample with turbidity must be filtered prior to analysis. (Use Whatman #1 or
#4 filter paper.) Record on data sheet.

5. Color is an interference, dilute the sample and also spike the dilution to confirm the
quality of the result. Record on the data sheet.
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System Operation:

1. Refer to "Auto Analyzer Operation start-up procedure." (IOP# LAAC
Section A).

2. Analyze an initial calibration check standard, a blank, a CRDL standard and a
known reference standard at the beginning of each run. The blank must be below
the detection limit and the standards must be within required control limits before
any samples are analyzed.

3. To spike samples, mix equal volumes of sample and 80 mg/L Cl standard (E) for a
final spike level of 40 mg/L Cl.

t

4. The calibration check standard is 50 mg/L (D).

5. Refer to "Auto Analyzer shut-down procedure". (IOP# LAA-Section B).

Quality Control;

1. Establish a standard curve with the standards listed above. Note that the calibration
curve is calculated in a "piece-wise" fashion and is not linear. Be sure that
calibration points describe a smooth curve.

2. The CRDL standard concentration should be at the method detection limit (MDL).
Results must be within the acceptable limits of ± the MDL or the instrument must be
re-calibrated before samples are analyzed.

3. A quality control calibration standard of 50.0 mg/L and a blank are to be analyzed, at
a minimum, after every 10 samples. If less than 10 samples are analyzed, a
calibration standard and blank are still required. The last samples analyzed in the
run are to be the calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check standard are to
be reanalyzed.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates
are to be within acceptable ranges or data must be flagged appropriately.

Calculation;

1. Calculate with Lachat QuikChem software, in the concentration mode, using the
IBM XT computer. See LAA SOP for further detail.
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AUTOANALYZER

Scope and Application: Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection

References: Lachat Instruments, 1986.
Sample Handling: See separate SOP's for requirements.

Reagents and Apparatus:

1. Lachat 3-channel autoanalyzer
2. Stock and standard ion solutions
3. Class A volumetric flasks
4. Class A volumetric pipets
5. Milli-Q water
6. Required interference filters
7. Disposable 4 ml cups
8. Automatic sampler
9. Proportioning pump

10. Injection module
11. Colorimeters
12. Manifolds
13. Columns - if needed
14. He!ium gas
15. Computer
16. Printer

Procedure:

A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the
printer.

2. Depress red power switch on rear power strip on Lachat system.
3. Select manifold and make appropriate hydraulic connections.

Hydraulic connections:
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a. Use correct sample loop length to connect. Lines 1, 4.

b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.

f. Connect manifold to flow through cell.
Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.

4. Insert correct filter.

5. Pump M i l l i - Q water through lines for 5 minutes by depressing the
pump ON button. Check for leaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

7. Put lines into reagents and/or degassed Milli-Q water.

8. Computer - Select "Load/Stop Background Method" on the master menu.
Press <enter>.

9. Select appropriate method. Press <enter>.

10. Printer should be set at FONT 0.

11. Pump reagents until a steady baseline is achieved.

12. When using a method with a column (SOd or N03), the column may be
inserted at this point. See method SOP's for more details.

13. For each analytical channel, adjust zero knob so that the baseline
is near the bottom of the screen (between .000 - .030).

14. Adjust gain while injecting top standard.

a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED light is red. This is the'load position.

c. After 25 seconds (or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject
position.
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d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.

f. Wipe probe and replace the autosampler probe into the sampler.

15. Select menu item by going into foreground. (Press and hold Alt
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID's". Press <enter>.
e. Type in sample information. Check standards will automatically

be placed in the tray information portion.

f. Press Esc once to return to menu.
16. Put tray with samples in appropriate cup locations on autosampler.

Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <enter>.

17. The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run and all the check
standards are within QC ranges, recalibration for the next tray is
not necessary. Select appropriate option. Press <enter>.

18. Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

After calibration is complete:

go into the foreground (Press Alt, Esc keys)

select "display calibration graph" (Press <enter>)

review the data

return to the background (Press Alt, Esc keys)
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- press "G" for good calibration. Analysis will continue.
- press "R" for re-calibration. Remember to refill standard

cups and reposition sample tray before pressing "R"!

B. Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)?" Press "Yes". Press Esc key to return to main menu.

2. If column is used, stop the pump and disconnect from manifold.

3. Pull lines from reagents into a wash beaker of D.I..

4. Pump D.I. through lines for 2-5 minutes.
5. Pump air through lines until manifold is dry.

6. Turn off pump.
7. Release tubing cartridges and lower tension levers. Release

tubing.

8. Turn off main switch on rear power strip.

9. Empty and rinse waste containers, if necessary.

10. Perform back-up on current data files, once a week. (See
Section C)

11. Turn off the computer and printer.

C. Backinq-up the Data Files

1. Exit to DOS

2. At C> Type: cd\fialab\data Press <enter>

3. At C> Type: copy *.rpt a: Press <enter>
After everything is copied - remove disc.

4. At C> Type: del *.* Press <enter>

5. Are you sure (Y/N)? Type: Y Press <enter>
6. At C> Type: cd\ Press <enter>

7. Turn off the red switch on the computer power strip to turn off the
computer, printer and screen.

[C-AA-A]
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0. Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
a high degree of confidence in the determined sample values. See
Figure 1.
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Problem: Cause:

Negative peak

Reproduceable dip when valve
switches (before peak)

Odd looking peaks

Shifting baseline

Peak too early/late

1. Contaminated carrier
2. Bad or no $04 column or sample

extremely high in hardness
3. Samples high in oxidizing agents

1. Bad color reagent
2. Could also be valve turning artifact caused

by a highly colored reagent

1. Index of refraction problem, matrix related
(usually acid or pH buffering)

2. Also method interferences: high hardness
on SO4 method, oxidizing samples on
nitrate method

3. Bad reagents

1. Flow problem
2. Precipitate build-up on SC>4 manifold

tubing

1. Usually flow problem
2. Valve not set to an initial load position

state before starting run
3. Incorrect pump setting or other timing

problem

Peak cut off in window

Reproduceable dip after peak

Small intermittent peaks

1. Reagents exceeded-reagents improperly
prepared

2. Standards incorrectly prepared

1. Bad column

1. Milli-Q or reagents not degassed properly
or adequately

2. Waste line coil not installed (for the
methods which require it)

ThrC6 basic areas of troubleshooting:
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing)
2. Chemistry
3. Timing (not usually a problem after initial development)

BLH/rff
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Effective:

SULFATE - AUTOANALYZER

Scope and Application: This method is applicable to drinking water, surface water,
groundwater and wastewater.

Reference: EPA 1989, Method 375.2
Lachat Instruments 1989, Method 10-116-10-2-B

Detection Limit: 10 mg/L.

Optimum Range: 10 - 200 mg/L

Sample Handling: Refrigerate at 4°C and analyze within 28 days of collection.

Instrument Conditions;

1. Pump speed: 35 seconds
2. Load period: 10 seconds
3. Inject period: 30 seconds
4. Inject to start of peak period: 10 seconds
5. Inject to end of peak period: 56 seconds
6. Cycle period: 50 seconds
7. Gain: 700
8. Zero: 200
9. Interference filter: 460 nm
10. Sample loop: 10 cm
11. Standards for curve set-up: 0,25, 50,100,150, 200 mg/L.

Reagent Preparation; (Prepare fresh every 6 months, unless otherwise stated.)

1. Degassing with helium - 2 options:

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in cubitainer.
b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water

(15 min/20 L.) Store in cubitainer.

2. Carrier (03 ppm 804): In a 1 liter volumetric flask, add 0.3 mL of 1000 ppm stock
sulfate solution and dilute to mark with degassed Milli-Q water.

3. Barium chloride solution (6.24mM): In a 1 liter volumetric flask, dissolve 1.526 g of
barium chloride dihydrate (BaCl2'2H2O) in 500 mL of Milli-Q water and dilute to 1
liter.

4. Hydrochloric acid (LON): In a 100 mL volumetric flask, containing approximately
80 mL of Milli-Q water, add 8.3 mL of concentrated hydrochloric acid and dilute to
the mark with Milli-Q water.

5. Barium - MTB color reagent: (The purity of the methylthymol blue and the alcohol
can be critical. Use the sources stated below).
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In a dry 1000 mL volumetric flask, place 0.2364* g of methylthymol blue (3', 3" bis-N,
N-bis carboxvmethyl)-amino methylthymolsulfon-ephthalein pentasodium salt
(Kodak No. 8068). Add 50 mL of barium chloride solution ("3" above). The
solution may be used to aid in the transfer of the dye. Swirl to dissolve. Add 8.0 mL
of the l.ON HCL solution ("4" above) and mix - solution may turn orange. Add
142 mL deionized water and dilute to 1000 mL with ethanol (Aldrich 24.511.9) Mix.
The pH of this solution should be 2.5. Prepare this solution the day before use and
store it refrigerated in an amber bottle.

* Strength of reagent varies with lot number. The optimum weight of reagent used
must be determined specifically for each new lot of MTB to maintenance consistent
method sensitivity. This weight is determined by Lachat and supplied with each batch
purchased.

6. Sodium hydroxide (50% stock solution): Cautiously dissolve 500 g of sodium
hydroxide (NaOH) in 600 mL of Milli-Q water. Cool and dilute to 1 liter. Store in
plastic bottle. Caution: The solution will become very hot!

7. Sodium hydroxide (0.18 N): In a 1 liter volumetric flask, add 14.4 mL of 50% sodium
hydroxide ("6" above) to degassed Milli-Q water, and dilute to the mark.

8. Buffered EDTA (for cleaning manifold): In a 1 liter volumetric flask, dissolve 6.75 g
ammonium chloride (NH4C1) in 500 mL DI water. Add 57 mL concentrated
ammonium hydroxide and 40.0 g tetrasodium EDTA dihydrate. Dissolve by swirling;
dilute to the mark with DI water.

9. Sulfate stock (1000 mg/L): Dry approximately 2 g of sodium sulfate (Na2SC>4) at
105°C for 2 hours. Cool in a desiccator. In a 1 liter volumetric flask, dissolve 1.479 g
of the dried sodium sulfate in Milli-Q water and dilute to 1 liter. (1.0 mL = 1.0 mg
S04).

10. Working standard: (Prepare fresh every month). Dilute to volume using degassed
Milli-Q water. Refrigerate.

Concentration Letter Volume of Dilute
of Standard Identifier Sulfate Standard to

Omg/L A 0 200 mL
25ms/L B 5.0 200 mL
50 mg/L C 10 200 mL

100 mg/L D 50 500 mL
150 mg/L E 75 500 mL
200 mg/L F 40 200 mL

CRDL10 mg/L 2.0 200 mL

Note: Final volumes are not the same! Computer refers to standards by letter.
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Preparation of Ion Exchange Column:

1. Make a slurry of approximately 0.5 g of BioRex 70, 50-100 mesh ion exchange resin in
Milli-Q water.

2. Remove one column end from the glass column. Fill the column with water, then
aspirate the slurry or allow it to settle by gravity to pack the column. Take care to
avoid trapping air bubbles in the column and its fittings at this point and all
subsequent operations.

3. After the resin has settled, replace the end fitting. To ensure a good seal, remove any
resin particles from the threads of the glass, the column end and the end fittings. To'
store the column, the ends of the Teflon tubing may be joined with a union.

4. To test the effectiveness of the column, make up a standard of pure sodium sulfate
and compare its peak height to an identical standard with hardness typical of the
samples added. If the column is being depleted, the standard with hardness will read
lower because the divalent cations are complexing the free MTB. The concentration
of the standard should be mid-range. If depletion has occurred, repack the column
with fresh resin.

5. Regenerating Resin: Batch regeneration is recommended because the hydrogen form
of BioRex 70 can swell considerable more than the sodium form. Collect the used
resin in a small beaker or flask. Wash with dilute HCL until the wash tests free of
calcium and/or magnesium. This procedure removes the divalent cations by
converting the carboxylate exchange group to the protonated form - COOH. Convert
the resin back to the sodium form by neutralizing with washes of 0.5M NaOH until
the wash has a pH of 9 or greater. Rinse with deionized water for storage or
repacking. A column may be used for 3-4 trays (approximately 150 samples) before it
needs to be replaced.

Notes:

1. Samples must be diluted to obtain concentrations within the optimum working range.

2. Sulfate standards may be combined with alkalinity and chloride standards for use with
the 3-channel method.

3. The gain and zero settings are guidelines and must be optimized each day.

4. All coils (including waste coil) must be changed at least once each quarter to prevent
build-up in lines.

4. Interferences:

The cation exchange column removes multivalent cations. Run a mid-range
sulfate standard containing a typical concentration of CaCC»3 periodicallylo
check performance. Any decrease in peak height should indicate the need to
regenerate or replace the resin. (At 600 ppm CaCC»3, the column is good for 80
+ injections.)
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Samples with pH < 2 should be neutralized. High acid concentrations can
displace multivalent cations from the column.

Color will interfere. Dilute the sample and also spike the dilution to confirm the
quality of the result. Record on the data sheet.

Turbidity - turbid samples may be filtered (use Whatman #1 or #4 filter paper)
prior to analysis on Lachat.

Orthophosphate also forms a precipitate with barium at high pH. Check the
response of pure orthophosphate standards, if samples are known to be high in
phosphate.

5. Troubleshooting: Baseline noise with reagents pumping.

a. Noise with column in line but good baseline without column.

• Repack column, air bubbles may be causing pulsing.

• Check flow fit connectors and end fittings on column for blockage or leaks.

b. Noise with and without column in line.

Degas carrier and/or reagents. Fine bubbles cause sharp spikes on baseline.

• Place a longer piece of manifold tubing on the outlet of the flow cell leading
to the waste container. This method requires the use of the screw type flow
cell.

• Replace the pump lubes. The silicone tube, used for the color reagent, wears
faster than the PVC pump tubes.

• With water pumping in the lines, check all hydraulic connections for
blockages, leaks, etc.

Baseline drift:

1. Clean the manifold with the buffered EDTA

2. Turn the gain high and use the shortest sample loop possible. This improves the
linearity of the calibration curve, prolongs the useful life of the column, and
minimizes the build up of BaSO4 on the manifold tubing.

System Operation;

1. Refer to "Auto Analyzer Operation start-up procedure."
(SOP# LAAC-Section A).
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2. Pump reagents through the lines before inserting the column. Use a short piece of
manifold tubing in place of the column. When all air has passed and the baseline is
steady, turn off the pump and insert the column. The column should be placed in a
vertical position with flow in the top and out the bottom. In this configuration, the
column will operate effectively even if the resin packs down more to leave a gap at the
top. Resume pumping.

3. Analyze an initial calibration check standard, a blank, a CRDL standard and a known
reference at the beginning of each run. The blank must be less than the detection
limit and the standards must be within required control limits before any samples are
analyzed.

4. To spike: Mix equal volumes of sample and 150 mg/L standard (E) for a final spike
level of 75 mg/L.

5. The calibration check standard is 100 mg/L (D).

6. To shut down, turn off pump and remove the column.

To remove the column:

a. Turn off the pump,
b. Remove the column,
c. Join ends of the column with a union.
d. Replace the column on the manifold with the short teflon tubing piece,
e. Rinse manifold with Milli-Q water,
f. Rinse manifold with EDTA cleaning solution,
g. Continue with "Auto Analyzer Shut-down procedures"

(SOP # LAAC-Section B).

Quality Control:

1. Establish a standard curve with the standards listed above. Note that the calibration
curve is calculated in a "piece-wise" fashion and is not linear. Be sure that
calibration points describe smooth curve. If not, necessary troubleshooting must be
performed before continuing (check reagents, pump tubing, valves, etc.).

2. The CRDL standard concentration should be at the method detection limit (MDL).
Results must be within the acceptable limits of ± the MDL or the instrument must be
recalibrated before samples are analyzed.

3. A quality control calibration check standard of 100 mg/L and a blank are to be
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed,
a calibration check standard and blank are still required. The last samples analyzed in
the run are to be the calibration check standard and blank. Standards must be within
the acceptable ranges and blanks must be below the method detection limit or the
samples run after the last acceptable calibration check standard and blank are to be
reanalyzed.
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4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are
to be within acceptable ranges or data must be flagged appropriately.

Calculation;

1. Calculate with Lachat QuikChem software, in the concentration mode, using the IBM
XT computer. See LAAC SOP for further detail.
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AUTOANALYZER

Scope and Application: Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection

References: Lachat Instruments, 1986.
Sample Handling: See .separate SOP's for requirements.

Reagents and Apparatus:
1. Lachat 3-channel autoanalyzer
2. Stock and standard ion solutions
3. Class A volumetric flasks
4. Class A volumetric pipets
5. Milli-Q water
6. Required interference filters
7. Disposable 4 ml cups
8. Automatic sampler .
9. Proportioning pump

10. Injection module
11. Colorimeters
12. Manifolds
13. Columns - if needed
14. Helium gas
15. Computer
16. Printer

Procedure:

A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the
printer.

2. Depress red power switch on rear power strip on Lachat system.

3. Select manifold and make appropriate hydraulic connections.

Hydraulic connections:

[C-AA-A]
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a. Use correct sample loop length to connect. Lines 1, 4.

b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.
f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.
4. Insert correct filter.

5. Pump M i l l i - Q water through lines for 5 minutes by depressing the
pump ON button. Check for leaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

7. Put lines into reagents and/or degassed Milli-Q water.
8. Computer - Select "Load/Stop Background Method" on the master menu.

Press <enter>.
9. Select appropriate method. Press <enter>.

10. Printer should be set at FONT 0.

11. Pump reagents until a steady baseline is achieved.
12. When using a method with a column (SOi or N03), the column may be

inserted at this point. See method SOP's for more details.

13. For each analytical channel, adjust zero knob so that the baseline
is near the bottom of the screen (between .000 - .030).

14. Adjust gain while injecting top standard.

a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED light is red. This is the load position.

c. After 25 seconds (or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject
position.
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d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.

f. Wipe probe and replace the autosampler probe into the sampler.

15. Select menu item by going into foreground. (Press'and hold Alt
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID's". Press <enter>.

e. Type in sample information. Check standards will automatically
be placed in the tray information portion.

f. Press Esc once to return to menu.

16. Put tray with samples in appropriate cup locations on autosampler.
Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <enter>.

17. The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run and all the check
standards are within QC ranges, recalibration for the next tray is
not necessary. Select appropriate option. Press <enter>.

18. Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

After calibration is complete:

go into the foreground (Press Alt, Esc keys)

select "display calibration graph" (Press <enter>)
review the data

return to the background (Press Alt, Esc keys)
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- press "G" for good calibration. Analysis will continue.
- press "R" for re-calibration. Remember to refill standard

cups and reposition sample tray before pressing "R"!

Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)?" Press "Yes". Press Esc key to return to main menu.

2. If column is used, stop the pump and disconnect from manifold.

3. Pull lines from reagents into a wash beaker of D.I..

4. Pump D.I. through lines for 2-5 minutes.

5. Pump air through lines until manifold is dry.

6. Turn off pump.

7. Release tubing cartridges and lower tension levers. Release
tubing.

8. Turn off main switch on rear power strip.

9. Empty and rinse waste containers, if necessary.

10. Perform back-up on current data files, once a week. (See
Section C)

11. Turn off the computer and printer.
Backinq-up the Data Files

1. Exit to DOS

2. At C> Type: cd\fialab\data Press <enter>
3. At C> Type: copy *.rpt a: Press <enter>

After everything is copied - remove disc.

4. At C> Type: del *.* Press <enter>

5. Are you sure (Y/N)? Type: Y Press <enter>

6. At C> Type: cd\ Press <enter>
7. Turn off the red switch on the computer power strip to turn off the

computer, printer and screen.
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D. Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
a high degree of confidence in the determined sample values. See
Figure 1.
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Problem: Cause:

Negative peak

Reproduceable dip when valve
switches (before peak)

Odd looking peaks

Shifting baseline

Peak too early/late

1. Contaminated carrier
2. Bad or no 864 column or sample

extremely high in hardness
3. Samples high in oxidizing agents

1. Bad color reagent
2. Could also be valve turning artifact caused

by a highly colored reagent

1. Index of refraction problem, matrix related
(usually acid or pH buffering)

2. Also method interferences: high hardness
on SC>4 method, oxidizing samples on
nitrate method

3. Bad reagents

1. Flow problem
2. Precipitate build-up on SO4 manifold

tubing

1. Usually flow problem
2. Valve not set to an initial load position

state before starting run
3. Incorrect pump setting or other timing

problem

Peak cut off in window

Reproduceable dip after peak

Small intermittent peaks

1. Reagents exceeded-reagents improperly
prepared

2. Standards incorrectly prepared

1. Bad column

1. Milli-Q or reagents not degassed properly
or adequately

2. Waste line coil not installed (for the
methods which require it)

Three basic areas of troubleshooting:
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing)
2. Chemistry
3. Timing (not usually a problem after init ial development)

BLH/rff
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Effective: 5 -

NITRATE + NITRITE, NITROGEN - AUTOANALYZER

Scope and Application: This method is applicable to drinking water, surface water,
groundwater, and wastewater.

Reference: EPA 1983, Method 353.2
Lachat Instruments, 1989 Method 10-107-04-1-C

Detection Limit: 0.02 mg/L

Optimum Range: 0.02 - 2.00 mg/L NO3 + NO2 - N

Sample Handling Preserve with sulfuric acid to pH < 2 and refrigerate at 4°C. Analyze
within 14 days. Alternatively, unpreserved samples, kept at 4°C can be
analyzed within 48 hours of sampling.

Instrument Conditions:

1. Pump speed: 35
2. Cycle period: 50 seconds
3. Load period: 20 seconds
4. Inject period: 20 seconds
5. Inject to start of peak period: 22 seconds
6. Inject to end of peak period: 68 seconds
7. Gain: 450
8. Zero: 400
9. Interface filter: 520 nm
10. Sample loop: 17 cm
11. Standards for curve set-up: 0, 0.20, 0.50, 1.00, 2.00 mg/L
12. Column: cadmium reduction

Reagent Preparation; (Prepare fresh every 6 months, unless otherwise stated.)

1. Degassed Milli-Q water (2 options):

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in a cubitainer, or

b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water.
Store in cubitainer. (15min/20L)

2. Stock nitrate standard (100 mg/L NCh): In a 1 liter volumetric flask, dissolve 0.72 18
potassium nitrate (KNO3) in about 600 mL of Milli-Q water. Add 2 mL of
concentrated H2SO4 as a preservative. Dilute to the mark. Store in a dark glass
bottle. Refrigerate.

3. Working stock nitrate standard (10 mg/L NCty: Add 50 mLs D.I. water to a 100 mL
volumetric flask. Add 0.2 mLs concentrated H2SC-4 and pipet 10.0 mL of the stock
nitrate standard. Dilute to the mark with DI water. Prepare fresh every 2 weeks.
Refrigerate.
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4. Standards: (Prepare fresh every 2 weeks.) Preserve with 0.2 mL H2SO4- Dilute to
volume with D.I. water. Refrigerate.

Concentration Letter Volume of Dilute
of Standard Identifier NO3 Standard to

Omg/L A 0 100 mL
0.20 mg/L B 2.0 100 mL
0.50 mg/L C 5.0 100 mL
1.00 mg/L D 10 100 mL
2.00 mg/L E 20 100 mL

CRDL 0.02 mg/L 2.0 1000 mL

Note: Computer refers to standards by letter.

5. Sodium hydroxide (15M): To 250 mL of D.I. water, add 150.0g NaOH. Slowly! This
solution will get very HOT! Swirl to dissolve. Store in a plastic bottle.

6. Ammonium chloride buffer solution: In a 1 liter volumetric flask, dissolve 85.0g of
ammonium chloride (NIfyCl)* and l.Og of disodium ethylenediamine tetracetate
dihydrate (EDTA) in approximately 800 mL D.I. water. Adjust the pH to 8.5 with
15M NaOH (approximately 8 mL). Dilute to the mark and filter through a 0.45 um
filter.

* See Notes #5.

7. Sulfanilamide color reagent: In a 1 liter volumetric flask, add approximately 800 mL
of Milli-Q water. Then add 100 mL concentrated phosphoric acid (H3PO4). Add
40.0g sulfanilamide and dissolve completely. Dissolve l.Og
N-1-naphthlethylenediamine dihydrochloride (NED) and dilute to one liter. Store in
dark bottle at 4°C. Stable for 2 months when refrigerated.

8. Column Preparation:

a. Cadmium preparation: Place 10-20g of coarse cadmium powder (granules) in a
250 mL beaker and wash with 50 mL of acetone, then distilled water, then two 50
mL portions of 1 M hydrochloric acid (8 mL concentrated hydrochloric acid plus
92 mL deionized water). Then rinse thoroughly with deionized water. If using
cadmium for second time, rinse with 1 M hydrochloric acid before beginning
process. CAUTION: Collect and store all waste cadmium. Wear gloves!

b. Copperization: Prepare a 2% copper sulfate solution (20g of CuSO4-5H20) per
liter of deionized water) and add a 100 mL portion to the cadmium prepared in
"a" above. Swirl gently for about 5 minutes, then decant the liquid and repeat
with a fresh 100 mL portion of 2% copper sulfate. Continue this process until
colloidal copper is visible in the supernatant (a red-brown precipitate) and
solution remains blue in color. Rinse with D.I. water until all colloidal copper is
removed from the supernatant. Wash once with ammonium chloride buffer.
The cadmium should be black or dark gray. The cadmium granules may be
stored in a stoppered bottle in ammonium chloride buffer.
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c. Packing the column (wear gloves!): Place a small piece of polyurethane foam (or
glass wool) loosely in the end of the glass tube. Insert the plugged end of the
glass tube into the column end fitting. Cut a length of 0.032" id teflon tubing 3 to
4 inches longer than the column.

Insert the teflon tube in the end fitting and fill the whole tube with water, holding
the flexible tube in a U-shape so that the ends are level. Place the second end
fitting on the other end of the teflon tubing. (Placing a small funnel onto the end
fitting may aid filling.) Taking care that no air bubbles are introduced, place the
copperized cadmium granules in the column. Tap the column gentry, every 1-2
cm, to pack the granules. When the column is packed to within about 5 mm of
the end of the glass column, insert another foam plug, then the column end
fitting. Store the column with the ends connected with a length of teflon tubing,
as air pockets or having the column dry out will necessitate repacking. If air
remains in the column, connect the column to the manifold and turn the pump
on maximum. Tap column firmly until all air is removed.

d. Column activation: The column must be activated before use or it will not
reduce nitrate. This may be accomplished by pumping the 10 mg/L nitrate
standard through the sample line. When the solution is injected, a brilliant pink
color will be visible in the coil. The cadmium column efficiency should be above
80%, if less, the column must be repacked.

To check column efficiency, standardize with nitrite standards and then analyze
all nitrate standards. The recovery of the nitrate standards should be consistent
at all standard concentrations.

Notes:

1. Interferences:

Build up of suspended matter in the reduction column will restrict sample flow.
Since nitrate-nitrogen is found in a soluble state, the sample must be pre-filtered.

Low results might be obtained for samples that contain high concentrations of
iron, copper or other metals. EDTA is added to the samples to eliminate these
interferences.

Samples that contain large concentrations of oil and grease will coat the surface
of the column. This interference is eliminated by pre-extracting the sample with
an organic solvent.

2. Samples must be diluted to obtain concentrations within the optimum working range.

3. The gain and zero settings are guidelines and must be optimized each day.

4. Color will interfere: dilute the sample and also spike the dilution to confirm the
quality of the result. Record on data sheet.
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5. ACS grade ammonium chloride has been found occasionally to contain significant
nitrate contamination, so an alternative preparation for the ammonium chloride
buffer (Reagent #6) is as follows:

In the hood, add 126 mL concentrated HC1 to a 1 liter volumetric flask containing 500
mL degassed Milli-Q water. Mix. Add 95 mL ammonium hydroxide and 1.0 gm
disodium EDTA. Dissolve and dilute to the mark. The pH should be 8.5 ± 0.1, adjust
pH if necessary.

System Operation:

1. Refer to Auto Analyzer Operation - Start-up Procedure (IOP# LAAC-Section A).

2. After pumping reagents through the lines, turn off the pump and insert column,
making sure that air bubbles are not introduced into the column.

3. Activate column if necessary. (See #8d. above.)

4. Analyze an initial calibration check standard, a blank, a CRDL standard and a known
reference standard at the beginning of each run. The blank must be below the
detection limit and standards must be within required control limits before any
samples are analyzed.

5. To spike samples, mix equal volumes of sample and 1.00 mg/L standard (D) for a final
spike level of 0.50 mg/L.

6. The calibration check standard is 1.00 mg/L NO3 (D).

7. If only nitrate is requested, nitrites must be analyzed and subtracted from the nitrate
+ nitrite value.

8. After use, turn off the pump and remove the column from the manifold.

9. Refer to Auto-Analyzer Shut-down Procedure. (IOP# LAAC-Section B.)

Quality Control:

1. Establish a standard curve with the standards listed above. The derived
concentrations for each calibration standard must be within 10% of the true value.
The derived value for the blank must be below the method detection limit.

2. The CRDL standard concentration should be at the method detection limit (MDL).
Results must be within the acceptable limits of ± the MDL of the instrument must be
recalibrated before samples are analyzed.

3. A quality control calibration check standard of 1.00 mg/L (D) and a blank are to be
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed,
a calibration check standard and blank are still required. The last samples analyzed in
the run are to be the calibration check standard and blank. Standards must be within
the acceptable ranges and blanks must be below the method detection limit or the
samples run after the last acceptable calibration check standard and blank are to be
reanalyzed.
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4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are
to be within acceptable ranges or data must be flagged appropriately.

Calculation:

1. Calculate with Lachat Quikchem software, in the concentration mode, using the IBM
XT computer.
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AUTOANALYZER

Scope and Application: Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection

References: Lachat Instruments, 1986.

Sample Handling: See separate SOP's for requirements.

Reagents and Apparatus:

1. Lachat 3-channel autoanalyzer
2. Stock and standard ion solutions
3. Class A volumetric flasks
4. Class A volumetric pipets
5. Milli-Q water
6. Required interference filters
7. Disposable 4 ml cups
8. Automatic sampler
9. Proportioning pump

10. Injection module
11. Colorimeters
12. Manifolds
13. Columns - if needed
14. Helium gas
15. Computer
16. Printer

Procedure:
A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the
printer.

2. Depress red power switch on rear power strip on Lachat system.
3. Select manifold and make appropriate hydraulic connections.

Hydraulic connections:

[C-AA-A]
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a. Use correct sample loop length to connect. Lines 1, 4.

b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.

f. Connect manifold to flow through cell.
Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.
4. Insert correct filter.
5. Pump M i l l i - Q water through lines for 5 minutes by depressing the

pump ON button. Check for leaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

7. Put lines into reagents and/or degassed M i l l i - Q water.
8. Computer - Select "Load/Stop Background Method" on the master menu.

Press <enter>.
9. Select appropriate method. Press <enter>.

10. Printer should be set at FONT 0.

11. Pump reagents until a steady baseline is achieved.
12. When using a method with a column (SO* or N03), the column may be

inserted at this point. See method SOP's for more details.
13. For each analytical channel, adjust zero knob so that the baseline

is near the bottom of the screen (between .000 - .030).
14. Adjust gain while injecting top standard.

a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED light is red. this is the load position.

c. After 25 seconds (or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject
position.

[C-AA-A]
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d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.
f. Wipe probe and replace the autosampler probe into the sampler.

15. Select menu item by going into foreground. (Press and hold AH
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID's". Press <enter>.

e. Type in sample information. Check standards will automatically
be placed in the tray information portion.

f. Press Esc once to return to menu.

16. Put tray with samples in appropriate cup locations on autosampler.
Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <enter>.

17. The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run and all the check
standards are within QC ranges, recalibration for the next tray is
not necessary. Select appropriate option. Press <enter>.

18. Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

After calibration is complete:

go into the foreground (Press Alt, Esc keys)

select "display calibration graph" (Press <enter>)
review the data

return to the background (Press Alt, Esc keys)

[C-AA-A]
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- press "G" for good calibration. Analysis will continue.

- press "R" for re-calibration. Remember to refill standard
cups and reposition sample tray before pressing "R"!

B. Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)?" Press "Yes". Press Esc key to return to main menu.

2. If column is used, stop the pump and disconnect from manifold.

3. Pull lines from reagents into a wash beaker of D.I..

4. Pump D.I. through lines for 2-5 minutes.

5. Pump air through lines until manifold is dry.

6. Turn off pump.

7. Release tubing cartridges and lower tension levers. Release
tubing.

8. Turn off main switch on rear power strip.

9. Empty and rinse waste containers, if necessary.

10. Perform back-up on current data files, once a week. (See
Section C)

11. Turn off the computer and printer.

C. Backinq-up the Data Files

1. Exit to DOS

2. At C> Type: cd\fialab\data Press <enter>

3. At C> Type: copy *.rpt a: Press <enter>
After everything is copied - remove disc.

4. At C> Type: del *.* Press <enter>

5. Are you sure (Y/N)? Type: Y Press <enter>

6. At C> Type: cd\ Press <enter>

7. Turn off the red switch on the computer power strip to turn off the
computer, printer and screen.

[C-AA-A]
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D. Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
a high degree of confidence in the determined sample values. See
Figure 1.
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Problem: Cause:

Negative peak

Reproduceable dip when valve
switches (before peak)

Odd looking peaks

Shifting baseline

Peak too early/late

Peak cut off in window

Reproduceable dip after peak

Small intermittent peaks

1. Contaminated carrier
2. Bad or no 864 column or sample

extremely high in hardness
3. Samples high in oxidizing agents

1. Bad color reagent
2. Could also be valve turning artifact caused

by a highly colored reagent

1. Index of refraction problem, matrix related
(usually acid or pH buffering)

2. Also method interferences: high hardness
on SO4 method, oxidizing samples on
nitrate method

3. Bad reagents

1. Flow problem
2. Precipitate build-up on SC"4 manifold

tubing

1. Usually flow problem
2. Valve not set to an initial load position

state before starting run
3. Incorrect pump setting or other timing

problem

1. Reagents exceeded-reagents improperly
prepared

2. Standards incorrectly prepared

1. Bad column

1. Milli-Q or reagents not degassed properly
or adequately

2. Waste line coil not installed (for the
methods which require it)

Three basic areas of troubleshooting:
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing)
2. Chemistry
3. Timing (not usually a problem after initial development)

BLH/rff
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APPENDIX B-8

NITRITE NITROGEN (WARZYN)



Effective:____________——.—————•———————»———-————•

NITRITE, NITROGEN - AUTOANALYZER

Scope and Application; This method is applicable to drinking water, surface water,
groundwater and wastewater.

Reference; EPA 1983, Method 353.2
Lachat Instruments, 1989 Method 10-107-04-1-C

Detection Limit 0.02 mg/L

Optimum Range: 0.02 - 2.00 mg/L NO2-N.

Sample Handling; Analyze within 48 hours of collection.

Instrument Conditions:

1. Pump speed: 35
2. Cycle period: 40 seconds
3. Load period: 20 seconds
4. Inject period: 20 seconds
5. Inject to start of peak period: 15 seconds
6. Inject to end of peak period: 51 seconds
7. Gain: 300
8. Zero: 400
9. Interference filter: 520 nm
10. Sample loop: 17 cm
11. Standards for curve set-up: 0, 0.20, 0.50,1.00, 2.00 mg/L

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated).

1. Degassed Milli-Q water (2 options):

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in a cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water.
Store in a cubitainer. (15min/20L).

2. Stock nitrite standard (100 mg/L NO2-N): In a liter volumetric flask, dissolve 0.4926
sodium nitrite (NaNC»2) or 0.607g of potassium nitrite (KNC»2) in about 600 mL of
Milli-Q water. Add 2 mL of chloroform, as a preservative. Dilute to the mark. Store
in refrigerator.

3. Working stock nitrite standard (10 mg/L NO2-N): In a 100 mL volumetric flask,
pipet 10.0 mL of the stock nitrite standard and dilute to the mark with Milli-Q water.
Standard is good for 2 days when refrigerated, otherwise prepare fresh daily.

4. Standards: (Prepare fresh daily). Dilute to volume with Milli-Q water.

[WCCONT-231] N02AAC2-1



Concentration Letter Volume of 10 mg/L Dilute
of Standard Identifier NC>2 Standard (ml) to

0.00 mg/L A 0 100 mL
0.20 mg/L B 2.0 100 mL
0.50 mg/L C 5.0 100 mL
1.00 mg/L D 10 100 mL
2.00 mg/L E 20 100 mL

CRDL 0.02 mg/L 2.0 1000 mL

Note: Computer refers to standards by letter.

5. Sodium hydroxide (15M): To 250 mL of D.I. water, add ISO.Og NaOH. Slowly! This
solution will get very HOT! Swirl to dissolve. Store in a plastic bottle.

6. Ammonium chloride buffer solution: In a 1 liter volumetric flask, dissolve 85.0g of
Baker Analyzed ammonium chloride* (NFfyCl) and l.Og of Aldrich disodium
ethylenediamine tetraacetate dihydrate (EDTA) in approximately 800 mL degassed
Milli-Q water. Adjust the pH to 8.5 with the 15M NaOH (approximately 8 mL).
Dilute to the mark and filter through a 0.45 um filter.

7. Sulfanilamide color reagent In a 1 liter volumetric flask, add approximately 800 mL
of degassed Milli-Q water. Then add 100 mL concentrated phosphoric acid (H3PO4).
Add 40.0g sulfanilamide and dissolve completely. Dissolve l.Og
N-1-Naphthlethylenediamine dihydrochloride (NED) and dilute to one liter. Store in
dark bottle at 4°C. Stable for 2 months when refrigerated.

* See Note #5.

Samples must be diluted to obtain concentrations within the optimum working range.

The gain and zero settings are guidelines and must be optimized each day.

Turbidity will interfere. Samples must be filtered prior to analysis. (Use Whatman
#1 or #4 filter paper). Record on data sheet.

4. Color will interfere, dilute the sample and also spike the dilution to confirm the
quality of the result. Record on data sheet.

5. ACS grade ammonium chloride has been found occasionally to contain significant
nitrate contamination, so an alternative preparation for the ammonium chloride
buffer (reagent 6) is as follows:

In the hood, add 126 mL concentrated HC1 to a 1 liter volumetric containing 500 mL
degassed Milli-Q water. Mix. Add 95 mL ammonium hydroxide and 1.0 gm disodium
EDTA. Dissolve and dilute to the mark. The pH should be 8.5 ± 0.1, adjust pH if
necessary.
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System Operation;

1. Refer to Auto Analyzer Operation - Start-up Procedure (IOP# LAAC-Section A).

2. Analyze an initial calibration check standard, a CRDL standard, a 0.20 mg/L standard
and a blank at the beginning of each run. There are no outside reference standards
available for this analyte. The blank must be below the detection limit and the
standards must be within required control limits before any samples are analyzed.

3. To spike samples, mix equal volumes of sample and 1.00 mg/L standard (D) for a final
spike level of 0.50 mg/L.

4. The calibration check standard is 1.00 mg/L (D).

5. Refer to "Auto Analyzer Shut-Down Procedure". (IOP# LAAC-Section B).

Quality Control:

1. Establish a standard curve with the standards listed above. The derived concentration
for each calibration standard must be within 10% of the true value. The derived
concentration for the blank must be less than thie method detection limit.

2. The CRDL standard concentration should be at the method detection limit (MDL).
Results must be within the acceptable limits of ± the MDL of the instrument must be
recalibrated before samples are analyzed.

3. A quality control calibration check standard of 1.00 mg/L (D) and a blank are to be
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed,
a calibration check standard and blank are still required. The last samples analyzed in
the run are to be the calibration check standard and blank. These standards must be
within the acceptable ranges and blanks must be below the method detection limit or
the samples run after the last acceptable calibration check standard and blank are to
be reanalyzed.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are
to be within acceptable ranges or data must be flagged appropriately.

Calculations:

1. Calculate with Lachat QuikChem software, in the concentration mode, using the IBM
XT computer.

[WCCONT-231] NO2AAC2-3



AUTOANALYZER

Scope and Application: Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection

References: Lachat Instruments, 1986.
Sample Handling: See separate SOP's for requirements.

Reagents and Apparatus:

1. Lachat 3-channel autoanalyzer
2. Stock and standard ion solutions
3. Class A volumetric flasks
4. Class A volumetric pipets
5. Milli-Q water
6. Required interference filters
7. Disposable 4 mL cups
8. Automatic sampler
9. Proportioning pump

10. Injection module
11. Colorimeters
12. Manifolds
13. Columns - if needed
14. Helium gas
15. Computer
16. Printer

Procedure:

A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the
printer.

2. Depress red power switch on rear power strip on Lachat system.

3. Select manifold and make appropriate hydraulic connections.
Hydraulic connections:

[C-AA-A]
LAAC-1



a. Use correct sample loop length to connect. Lines 1, 4.

b. Line 2 is carrier line.

c. Line 3 goes to manifold.
d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.

f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.
4. Insert correct filter.

5. Pump M i l l i - Q water through lines for 5 minutes by depressing the
pump ON button. Check for leaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

7. Put lines into reagents and/or degassed Mi l l i - Q water.
8. Computer - Select "Load/Stop Background Method" on the master menu.

Press <enter>.

9. Select appropriate method. Press <enter>.

10. Printer should be set at FONT 0.

11. Pump reagents until a steady baseline is achieved.
12. When using a method with a column (SOa or N03), the column may be

inserted at this point. See method SOP's for more details.
13. For each analytical channel, adjust zero knob so that the baseline

is near the bottom of the screen (between .000 - .030).

14. Adjust gain while injecting top standard.

a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED light is red. This is the load position.

c. After 25 seconds (or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject
position.
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d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.
f. Wipe probe and replace the autosampler probe into the sampler.

15. Select menu item by going into foreground. (Press and hold Alt
key, then press Esc key).
a. Select "Sample Tray Information and Start Analysis" on master

menu. Press <enter>.
b. Press <enter> or type in sample tray reference number if it is

a tray which has already been typed in.
c. Enter tray ID and operator. Check "Display Standards Position

in Tray" to insure the tray is set-up properly.

d. Select "Enter Sample ID's". Press <enter>.
e. Type in sample information. Check standards will automatically

be placed in the tray information portion.

f. Press Esc once to return to menu.

16. Put tray with samples in appropriate cup locations on autosampler.
Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <enter>.

17. The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run and all the check
standards are within QC ranges, recalibration for the next tray is
not necessary. Select appropriate option. Press <enter>.

18. Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

After calibration is complete:

go into the foreground (Press Alt,- Esc keys)
select "display calibration^graph" (Press <enter>)

review the data

return to the background (Press Alt, Esc keys)

[C-AA-A]
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D. Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
a high degree of confidence in the determined sample values. See
Figure 1.
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Problem: Cause:

Negative peak

Reproduceable dip when valve
switches (before peak)

Odd looking peaks

Shifting baseline

Peak too early/late

Peak cut off in window

Reproduceable dip after peak

Small intermittent peaks

1. Contaminated carrier
2. Bad or no $64 column or sample

extremely high in hardness
3. Samples high in oxidizing agents

1. Bad color reagent
2. Could also be valve turning artifact caused

by a highly colored reagent

1. Index of refraction problem, matrix related
(usually acid or pH buffering)

2. Also method interferences: high hardness
on SO4 method, oxidizing samples on
nitrate method

3. Bad reagents

1. Flow problem
2. Precipitate build-up on SO4 manifold

tubing

1. Usually flow problem
2. Valve not set to an initial load position

state before starting run
3. Incorrect pump setting or other timing

problem

1. Reagents exceeded-reagents improperly
prepared

2. Standards incorrectly prepared

1. Bad column

1. Milli-Q or reagents not degassed properly
or adequately

2. Waste line coil not installed (for the
methods which require it)

Three basic areas of troubleshooting:
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing)
2. Chemistry
3. Timing (not usually a problem after initial development)

BLH/rff
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APPENDIX B-9

TOTAL ORGANIC CARBON - WATER (WARZYN)



Effective :

TOTAL ORGANIC CARBON

Scope and Application: This method is applicable to surface water, sewage, wastewater and
groundwater.

Method: Each standard and sample is sealed in an ampule containing sodium persulfate and
phosphoric acid. The ampules are heated for 2 hours at 95°C. The oxidized organic
carbon is measured as CC>2 by infra-red detection. Quantitation is determined using
an external standard curve.

Reference: EPA 1983: method 415.1, OI Model 524C Total Carbon System Manual

Detection Limit 1.0 mg/L

Optimum Range: 1.0 -20 mg/L

Sample Handling Acidify with concentrated sulfuric acid to pH <2 and refrigerate at 4°C.
Analyze within 28 days.

Reagents and Apparatus:

1. OI Model 524C Total Carbon System
2. 10 mL sealed ampules (OI Corp.)
3. Commercial grade O2 gas
4. Disposable propane g~as cylinder
5. Commercial-grade N2 gas (high purity, dry grade)
6. Eppendorf microliter pipet, 100-1000 uL
7. Oxford macropipet, 0-5 mL
8. Silicone grease
9. Saturated potassium persulfate solution
10. Phosphoric acid solution, 10% v/v
11. Milli-Q water
12. Potassium biphthalate (KHP)
13. Volumetric flasks, 1000 mL and 100 mL
14. Pipets, 1-20 mL assorted
15. EPA quality control sample of known concentration.

Reagent Preparation: (Prepare fresh every six, months, unless otherwise stated).

1. Total Organic Carbon (TOC) Stock Solution, 1000 mg/L: Dry potassium biphthalate
(KHP) at 105°C for 2 hours. Cool in a desiccator. Weigh exactly 2.1254 g dry KHP
and add to a 1000 mL volumetric flask containing 2 mL of concentrated H2S04 and
Milli-Q water. Mix well and dilute to the mark. Store in refrigerator.

2. Intermediate TOC Solution (100 ug/mL): To a 100 mL volumetric flask, pipet 10.0
mL of the 1000 mg/L stock solution. Dilute to the mark with Milli-Q water. Prepare
fresh monthly.
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3. Standard Carbon Solutions: (Prepare fresh for each run.)

20 mg/L TOC Standard: To a 100 mL volumetric flask, pipet 20.0 mL of the 100 mg'L
carbon solution, and dilute to the mark with Milli-Q water.

10 mg/L TOC Standard: To a 100 mL volumetric flask, pipet 10.0 mL of the 100 mg/L
carbon solution, and dilute to the mark with Milli-Q water.

5 mg/L TOC Standard: To a 100 mL volumetric flask, pipet 5.0 mL of the 100 mg/L
carbon solution, and dilute to the mark with Milli-Q water.

3 mg/L TOC Standard: To a 100 mL volumetric flask, pipet 3.0 mL of the 100 mg/L
carbon solution, and dilute to the mark with Milli-Q water.

1 mg/L TOC Standard: To a 100 mL volumetric flask, pipet 1.0 mL of the 100 mg/L
solution, and dilute to the mark with Milli-Q water.

4. Potassium Persulfate Solution CK^^Og), Saturated: Fill a 1-liter amber glass bottle
3/4 full with Milli-Q water. Add potassium persulfate , approximately 20 g, until no
more crystals will dissolve. Store in refrigerator.

5. Phosphoric acid solution, 10% (v/v): Slowly add 100 mL of phosphoric acid to 900 mL
Milli-Q water on a stirring plate. Mix thoroughly. Store in refrigerator.

Ampule Preparation;

1. Set up run by labeling ampules and placing them in a test tube rack.

2. Snap the ampules open along scoring and replace into rack in run sequence. Discard
ampule tips. Keep open ampules covered with aluminum foil to protect from dust
and other contaminants.

3. Using an Eppendorf 1000 microliter pipet, carefully pipet 1000 ul of saturated
potassium persulfate solution into each ampule.

4. Using a calibrated Oxford Macropipet, carefully pipet 5.0 ml of standard or sample
into each ampule. For blanks, pipet 5.0 ml Milli-Q water. For spiked samples pipet 4
ml of sample and 1 ml of the 20 mg/L standard into an ampule.

5. Using Eppendorf microliter pipet, carefully pipet 300 ul of 10% phosphoric acid
solution into each ampule.

Ampule Purging and Sealing Procedure:

1. Open oxygen and propane cylinder main valves.

2. Open propane toggle switch and purge propane line for a couple seconds by opening
propane adjust valve; then close valve.

3. Light burner while slowly opening propane adjust valve until a flame approximately 2
inches high is obtained.
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4. Open oxygen toggle switch. Open oxygen adjust valve slowly until each flame has a
blue cone in the center.

5. Place 8 ampules in purging rack. Rinse purge tubes with Milli-Q water and insert
tubes to the bottom of each ampule.

6. Purge ampules with oxygen for 6 minutes.

7. Place an ampule (purged for 6 minutes) into clamping assembly.

8. Swing microburner into place around ampule tip and seal.

9. Swing microburner back as soon as ampule is sealed.

10. Remove sealed ampule and replace into test tube rack. Open clamping assembly and
drop hot ampule tip into a beaker partially filled with water.

11. Rinse purge tube. Place another ampule on purging rack and insert purge tube.

12. Continue with steps 4-8 for remaining ampules.

13. Turn off oxygen and propane main cylinder valves.

14. Place rack of sealed ampules in a 95°C oven for 2 hours. Cool to room temperature.

Analysis Procedure;

1. IR power should be on at all times.
2. Change primary drying tube desiccant (magnesium perchlorate).
3. Open nitrogen cylinder main valve.

4. Analyze ampules.

4.1 Turn integrator power on.
4.2 Place plastic stress adapter and gum rubber seal on neck of first ampule to be

read. Silicone grease may be necessary to slide the seal over ampule tip.
4.3 Place ampule in breaking assembly and turn clamping screw until ampule is

sealed firmly in place.
4.4 Lower purge tube until it is level with the tip of the ampule.
4.5 Open zero gas valve (nitrogen). Adjust flow to 13 on the flowmeter (200

ml/min). Purge the airspace around ampule tip until IR meter needle returns to
zero. For first ampule only, push auto zero button to zero instrument. Clear
integrator display.

4.6 Close zero gas valve.
4.7 Raise purge tube above plunger/cutter edges.
4.8 Lower plunger/cutter with a twisting motion, breaking ampule tip.
4.9 Lower purge tube to within 1/8" of ampule bottom.
4.10 Open zero gas valve. Make sure flowrate stabilizes at 13. Purge ampule until

integrator stops. Record integrator reading on TOC data sheet.
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4.11 Close zero gas valve.
4.12 Remove ampule and discard. Analyze each ampule according to steps 4.2 - 4.12.

5. Instrument shut-down.

5.1 Turn off integrator.
5.2 Close nitrogen cylinder main valve.
5.3 Clean and lubricate plunger/cutter and barrel assembly.
5.4 Leave IR power on.

Quality Control;

1. A standard curve consisting of a 20 mg/L, 10 mg/L, 5 mg/L, 3mg/L and 1 mg/L should
be analyzed in duplicate. A check standard at 10 mg/L should be analyzed
immediately prior to the first sample, every eleventh analysis thereafter and at the
end of a run. Recovery of the check standard should be 90% -110%. If a recovery is
outside the Q.C. limits, all samples must be reanalyzed back to the last acceptable
check standard.

2. A blank must be analyzed after every check standard.

3. An EPA quality control sample should be analyzed immediately after the initial check
standard and blank. Results should be within 80-120% and the 95% confidence limits,
or samples must be reanalyzed.

4. A duplicate should be analyzed with each set of 10 samples. Calculate RPD and
record to 1 decimal point on data sheet. Recovery should be within acceptable limits,
or data must be flagged appropriately.

5. A spike should be analyzed with each set of 10 samples. If less than 10 samples are
analyzed a spike is still required. Recovery should be within acceptable limits, or data
must be flagged appropriately.

6. If any instrument reading is above the range of the standards, the sample must be
diluted and repeated. The diluted level must be between 3 mg/L and 20 mg/L or
redilute at a level that is within this range and reanalyze.

7. All reagent preparation as well as sample dilutions, and spikes should be documented
in a logbook.

Calculations:

1. Standardization: Average responses for duplicate curves. Plot concentration vs.
integrator response on graph paper.

2. Derive samples concentrations from graph as appropriate. Report results to 1 place
past the decimal point from 1 to 99.9 and to 3 significant figures above 100.
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Effective :

TOTAL ORGANIC CARBON INSTRUMENT OPERATING PROCEDURE

Scope and Application; This instrurnent operating procedure (TOP) covers the general daily
use and maintenance of the Model 524C Carbon Analyzer. Set-up,
troubleshooting, and more detailed information can be found in the
instrument manual.

Instrument: O.I. Corporation Model 524C-ATO Carbon Analyzer
Purging and Sealing Unit
Analyzer Module

Materials: Milli-Q Water
Disposable Propane Cylinder
Oxygen Cylinder
Nitrogen Cylinder
CO2 Calibration Cylinder

Purging and Sealing Procedure:

1. Open main valves on the propane and oxygen cylinders (20 psi delivery).

2. Open propane toggle switch and purge propane line for a couple seconds by opening
propane adjust valve; then close valve.

3. Light burner while slowly opening propane adjust valve until a flame approximately 2
inches high is obtained.

4. Open oxygen toggle switch. Open oxygen adjust valve slowly until each flame has a
blue cone in the center.

5. Place 8 ampules in purging rack. Rinse purge tubes with Milli-Q water and insert
tubes to the bottom of each ampule.

6. Purge ampules with oxygen for 6 minutes.

7. Place an ampule (purged for 6 minutes) into clamping assembly.

8. Swing microburner into place around ampule tip and seal.

9. Swing microburner back as soon as ampule is sealed.

10. Remove sealed ampule and replace into test tube rack. Open clamping assembly and
drop hot ampule tip into a beaker partially filled with water.

11. Rinse purge tube. Place another ampule on purging rack and insert purge tube.

12. Continue with steps 7-11 for remaining ampules. Turn off oxygen and propane main
cylinder valves. Place rack of sealed ampules in a 95° C oven for 2 hours. Cool to
room temperature.
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Analyzing Procedure:

1. IR power should be left on at all times.

2. Change primary drying tube desiccant (magnesium perchlorate).

3. Open nitrogen cylinder main valve.

4. Zero integrator:

4.1 Turn integrator power on.

4.2 Place plastic stress adapter and gum rubber seal on neck of a sealed ampule.
(Silicone grease may be necessary to easily slide the seal over ampule tip).

4.3 Place ampule in breaking assembly and turn clamping screw until ampule is
sealed firmly in place.

4.4 Lower purge tube until it is level with tip of the ampule.

4.5 Open zero gas valve (nitrogen). Adjust flow to 13 on the flowmeter (200
ml/min). Purge the airspace around ampule tip until IR meter needle returns to
zero. Push auto zero button and clear integrator display.

4.6 Close zero gas valve. Unscrew clamp and remove ampule.

5. Analyze ampules in following order: standard curve (high to low), check standard,
reagent blank, EPA QC sample, and then samples. Analyze one spike, one duplicate
and one continuing calibration standard for every 10 samples. End run with a
continuing calibration standard.

5.1 Place adapter and gum rubber seal over neck of ampule to be analyzed.

5.2 Place ampule in breaking assembly and turn clamping screw until ampule is
sealed firmly in place.

5.3 Lower purge tube until even with the tip of the ampule.

5.4 Open zero gas valve. Purge airspace around ampule tip until integrator stops.
Clear integrator display. Close zero gas valve.

5.5 Raise purge tube above plunger/cutter edges.

5.6 Lower plunger/cutter with a twisting motion, breaking ampule tip.

5.7 Lower purge tube to within 1/8" of ampule bottom.

5.8 Open zero gas valve. Make sure flowrate stabilizes at 13. Purge ampule until
integrator stops. Record integrator reading on TOC data sheet. Clear display.
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5.9 Close zero gas valve.

5.10 Remove ampule and discard. Analyze each ampule according to steps 5.1 - 5.9.

6. Instrument shut-down.

6.1 Turn off integrator.

6.2 Close nitrogen cylinder main valve.

6.3 Clean and lubricate plunger/cutter and barrel assembly.

6.4 Leave IR power on.

Zero and span settings should be checked monthly;

Procedure:

1. Open main valves on nitrogen and CO2 calibration cylinders.

2. Clamp ampule into breaking assembly.

3. Open zero gas toggle switch and allow system to purge at a flow rate of 13.

4. Zero IR meter needle by adjusting zero control knob until the needle reads exactly
zero. Close zero gas toggle switch.

5. Open span gas toggle switch and allow system to purge at a flow rate of 13 until IR
meter reaches a maximum.

6. Adjust span control knob until the IR meter gives a reading matching the calibration
curve value for the span gas CO2 concentration.

7. Turn span gas off and zero gas on using toggle switches. Allow meter to stabilize and,
if necessary, adjust the zero control knob so that the meter reads exactly zero.

8. Switch zero gas off and span gas on. The meter should return to the previously set
reading. Adjust span control knob if necessary.

9. Continue making small zero and span adjustments until the IR meter reaches the zero
and span settings without adjustment when the gases are alternated.

10. Document zero and span adjustment in TOC Analyzer logbook.
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3.1

METHOD SUMMARY

Total Organic Carbon is measured using the Dohrman DC-80 carbon
analyzer coupled with the PRG-1 furnace module.

A known weight of sample is combusted in an oxygen atmosphere at
800°C, in the presence of a copper catalyst. Carbonaceous
materials are converted to carbon dioxide,
quantified using an NDIR detector.

The CO, formed is

Intact samples are taken for analysis to minimize loss of volatile
components.

Data is reported in mg/kg. Method detection limit is 100 mg/kg.

If the results are to be reported on a "dry weight basis", a
separate % solids determination is required and is applied to data
calculations.

APPARATUS

Dohrman DC-80 Carbon Analyzer

Dohrman PRG-1 Furnace Module

Dohrman Sludge/Sediment Sampler Accessory

50 ul syringe (unimetrics)

Chann Electro Balance

Quartz Wool and Sample Boats

Stainless Steel Forcepts/Spatula

Dohrmann Oxidation Promoter (PN 511-883)

REAGENTS

Carbon stock solution (10,000 mg/1) - dissolve 21.2800 grains of
primary standard grade potassium hydrogen phthalate (anhydrous,
dried at 105°C for 2 hours, cooled in a dessicator) into 800 ml of
DIHOH (1 ml = 10.0 mg) . Add 2 ml 1+1 H2S04, then dilute to 1 litre
with DIHOH. Stock solution is stable for 6 months.
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3.2 4000 mg/1 standard - dilute 40 ml of the "stock" solution. Add 2
ml of 1 + 1 H2S04, then dilute to 100 ml.

3.3 2000 mg/1 standard - dilute 20 ml of the "stock" solution. Add 2
ml of 1 + 1 H2S04, then dilute to 100 ml.

3.4 1000 mg/1 standard - dilute 10 ml of the "stock" solution. Add 2
ml l+l H2S04, then dilute to 100 ml.

3.5 100 mg/1 standard - dilute 1.0 ml of the "stock" solution. Add 2
ml of 1 + 1 H2S04, then dilute to 100 ml.

3.6 Standards for soil analysis must be prepared fresh weekly. >—'

3.7 H2SO4 solution (1+1) (V/V) - Add with constant mixing in an ice
bath. 100 ml of concentrated ACS AR grade sulfuric acid to 100 ml
of deionized water.

3.8 Potassium persulfate - phosphoric acid reagent (2%). Dissolve 20.0
g of reagent grade potassium persulfate (K2S208) , add 2.0 ml of
concentrated (85%) phosphoric acid (H2P04) . Mix thoroughly and
dilute to 1 litre with DIHOH. Prepare fresh monthly.

3.9 Hydrochloric acid solution (1 + 9) - add 10 ml of cone.. ACS (AR) KCL
to 90 ml of DIHOH. Mix thoroughly.

4 . 0 INTERFERENCES

4.1 Inorganic carbon (carbonates and bi-carbonates) represent positi .
interferences. Inorganic carbon is removed by treating a known
weight of sample with several drops of 1+9 HCL solution.
Additional acid is added dropwise until inorganic carbonate removal
is complete.

4.2 Non-homogenous matrices may yield poor reproducibility. Homogenize
the intact sample by grinding to obtain a representative aliquot.

5.0 ELECTRO BALANCE CALIBRATION

5.1 Check and document the calibration of the electro balance as per
the instrument manual.

5.2 Identical weighing pans should be in place on the "Bn and "tare"
positions of the balance.

5.3 Set the range at the "B" 1200 mg position. The readout should be
0.00 mg. Close the balance. Allow to stabilize, then depress the
tare. The readout should be stable at 0.00 mg.
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5.4 Place a 1000 mg Class "S" weight on the Pan "B". Record the
result. Depress the "CAL" button to calculate to 1000 mg. Record
the result. Repeat the procedure and confirm calibration.

5.5 Then weigh and record the values obtained from the following Class
"S" weights:

100.0 mg
10.0 mg
5.0 mg

5.6 All values obtained should be within 1% of the expected value. If
_- not, recalibrate the balance as per Section 5.0.

6.0 CARBON ANALYZER - PRELIMINARY SET UP FOR SOIL ANALYSIS

6.1 Check all instrument components as per the Dohrman DC-80 instrument
manual. Furnace inlet tube to bulkhead #5, furnace outlet tube is
connected to bulkhead #4. Also see attached assembly drawing.

6.2 Position the boat carriage under the sample inlet block. Place the
sample boat into the carrier using forcepts. Place a piece of
quartz wool into the boat and close the inlet block.

6.3 Turn on the power to the PRG-1 furnace module.

6.4 If fresh oxidation promoter (PN 511-883) is used, condition by
heating for 1 hour with the furnace exit tube immersed in basic

_^ DIHOH. After 1 hour, connecc the furnace exit tube to the UV
module at bulkhead #4. Verify flow within the reactor.

6.5 If "pre-conditioned" oxidation promoter is used, connect the
furnace exit tube to the UV reactor module at bulkhead #4. Verify
flow within the reactor. Allow the system to come to full
temperature and stabilize for 30 minutes.

6.6 Verify the following:

Oxygen is flowing in the reactor
Normal system back pressure
UV lamp is turned off
Reactor is filled with reagent
Quartz wool is in the boat
Mode is TOC
Volume is 40 ml
Pump is on
Baseline is stable at 0.0100 units in "DET" mode

6.7 Set the IR mode to DET. Decalibrate the instrument by depressing
the CALIB button for 3 seconds.
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6.8 Adjust the baseline to 0.0100 units. It should be stable after the
furnace temperature has reached 800°C ± 0.002 units.

6.9 Decontaminate the sample boat by pushing it into the combustion
zone for 2 minutes. This will remove any organic residues on the
boat. Instrument baseline will return to normal when boat is
clean.

7 . 0 CALIBRATION

7.1 Inject 40 ul of the 2000.0 mg/1 carbon standard into the cool '
sample boat via the liquid injection port. Slide the boat into tw
combustion zone.

7.2 Depress the start button. Then on completion of the cycle, record
the PPM response obtained on the LED. Bring the boat out of the
furnace into the inlet block and allow to cool. Inject three
additional 40 ul volumes on the 2000 mg/1 calibration standard.
The response values should be within 5% of the mean. If not,
repeat the calibration procedure.

7.3 Press the "calibrate" button and record the mean response value and
the "adjusted" PPM value from the calibration sequence. The value
should be 2000.0 PPM C ± 5%.

8.0 CHECK STANDARD ANALYSIS

8.1 Analyze single 40 ul injections of each of the following acidifi._
and sparged standard solutions.

Method Blank

100 mg/1 carbon standard
1000 mg/1 carbon standard
2000 mg/1 carbon standard
4000 mg/1 carbon standard

8.2 Calculate the % Recovery. Recoveries should be within 10% of the
known standard value. If not, re-analyze the standard.

% Rec = Observed Result X 100
Known Result

9.0 SAMPLE ANALYSIS

9.1 Remove the quartz wool and tare the cool, clean sample boat on pan
"B" (1200 mg range) of the electro balance. Remove the tared boat
from the balance, then add a homogenous amount of sample to the
boat. Reweigh and record the weight in mg.
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9.1.1 If organic carbon is to be determined, remove inorganic
carbonates by treating a known weight of sample with several
drops of 1+9 HCL. Wait until effervescing is completed and
add additional acid. Continue this process until the
incremental addition of acid causes no further effervescence.
Proceed to 9.3.

9.2 If total carbon is to be determined, omit the addition of HCL
reagent to the sample. Report data as "Total Carbon". Proceed to
9.3.

9.3 Transfer the "loaded boat" to the sample carriage via the inlet
block. Allow the system to stabilize for 30 seconds after closing
the inlet block.

9.4 Push the start button and slide the boat into the furnace
combustion zone. Allow the instrument to complete the cycle.
Record the PPM value obtained from the LED display.

9.5 Analyze all samples in duplicate.

9.6 Calculate the carbon concentration for the sample using the
following:

mg/kg = 40 (LED ppm)
Sample weight mg (corrected for % solids)

,J.O QUALITY CONTROL

10.1 Four calibration standards are analyzed for each analytical run.
The recoveries for the standards must be within +/- 10% with the
exception of the low standard which must be +/- 15%.

10.2 A 2000 PPM calibration check standard is analyzed every 10 samples
and at the end of each analytical run. The recovery must be within
+/- 15%.

10.3 A method blank is analyzed once per 20 samples. Results for the
blank must be less than the MDL.

10.4 An EPA reference QC sample is analyzed for each batch and the
recovery must be within +/- 20% of the known value.

10.5 A duplicate analysis is performed at a frequency of 1 per 10
samples. Duplicate relative percent difference should be:

+/- 20 at > 5 times the MDL
+ /- MDL at < 5 times the MDL to = MDL
NC at < MDL
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11.0 REPORTING REQUIREMENTS

11.1 All results are reported in mg/kg on a dry weight basis. The
minimum reporting level is 100 mg/kg.

11.2 All results are reported to three significant figures.

11.3 Values below the MDL are reported at < "MDL".

12 . 0 REFERENCES

12.1 Method 415.1, Methods for Chemical Analysis of Water and Waste, F
6004-79-020.

12.2 Method 9060, Test Methods for Evaluating Solid Wastes, SW-846 Third
Edition.

12.3 Determination of Total Organic Carbon in Soil and Sediment, EPA
AD/A103 788, Section 3-73.
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Effective:

ACID DIGESTION FOR AQUEOUS SAMPLES AND EXTRACTS
ICP/Flame-AA

Scope and Application: This acid digestion is appb'cable to all aqueous sample matrices. A
nitric/hydrochloric acid digestion is used to prepare all samples
which are to be analyzed by flame atomic absorption spectroscopy
(flame-AA) or by inductively coupled plasma spectroscopy (TCP).
A nitric acid/hydrogen peroxide digestion is used to prepare
samples for analysis by graphite furnace atomic absorption
spectroscopy (GFAA).

Method: Nitric acid/hydrogen peroxide and nitric/hydrochloric acid digestions

Reference: "Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Sample Handling Aqueous samples must be acidified with concentrated nitric acid to pH
< 2. Set up digestion as soon as possible; digested sample must be
analyzed within 6 months.

Reagents and Apparatus:

1. Hot plate
2. 250 mL beakers
3. 100 mL graduated cylinders
4. Class A volumetric glassware
5. Deionized (D.I.) water
6. Instra-analyzed nitric acid, or equivalent
7. Distilled nitric acid (GFAA digestion only)
8. Instra-analyzed HC1 acid, or equivalent
9. Stock and standard metal solutions

10. Whatman #42 filter paper
11. Glass or plastic funnels
12. Watch glasses
13. 30% Hydrogen peroxide

Reagent Preparation:

1. Intermediate and working metal solutions: Refer to the specific metal SOP for
instructions on preparation.

2. 1:1 Hydrochloric acid (HQ): Using a graduated cylinder, add 250 mL D.I. water to a
to a 500 mL (or 1L) repipettor. Carefully add 250 mL of concentrated HC1 and mix.

3. 1:1 Nitric acid (HNQ-Q; Using a graduated cylinder, add 250 mL D.I. water to a to a
500 mL (or 1 L) repipettor. Carefully add 250 mL of concentrated HNO3 and mix.
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Notes:

1. A separate digestion is required for mercury analyzed by the AA-Cold Vapor
technique. (See "Mercury Digestion-Aqueous Samples")

2. All samples, duplicates, and spikes, as well as any required prep or digested blanks
and standards, must be carried through the digestion procedure.

3. If samples boil or go to dryness (any dry spots on the bottom of the beaker) at any
time during the digestion, some of the analyte may have been lost. The digestion
must be discarded and the affected samples must be reprepared.

4. If elevated analyte levels are expected, the spike concentration may be increased
accordingly.

Procedure:

Digestion Procedure for Flame-AA and ICP:

1. All glassware must be acid-washed with 1:1 nitric acid and thoroughly rinsed with
D.I. water prior to use.

2. Measure out 100 mL aliquots of samples, blanks, and standards into 250 mL beakers
using a graduated cylinder.

3. Add 2.0 mL of 1:1 HNOs and 10 mL of 1:1 HC1.

4. Cover with a watch glass and heat on the hot plate for 2 hours or until the volume
has been reduced to between 25 and 50 mL. Adjust the temperature of the hot plate
as needed to prevent samples from boiling.

5. Allow samples to cool. If any insoluble material remains, filter samples through
Whatman #42 filters. Quantitatively transfer digested samples, blanks, and
standards into 100 mL volumetric flasks. Rinse beakers and filters with D.I. water
and dilute to volume to 100 mL.

6. Samples are now ready for analysis using the AA-flame or ICP methods.

Digestion Procedure for GFAA:

1. All glassware must be acid-washed with 1:1 nitric acid and thoroughly rinsed with
D.I. water prior to use.

2. Measure out 100 mL aliquots of samples, blanks, and standards into 250 mL beakers
using a graduated cylinder.

3. Add 1.0 mL of 1:1 HNC>3 and 2.0 mL of 30% H2O2-

4. Cover with a watch glass and heat on the hot plate for 2 hours or until the volume
has been reduced to between 25 and 50 mL. Adjust the temperature of the hot plate
as needed to prevent samples from boiling.
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5. Allow samples to cool. If any insoluble material remains, filter samples through
Whatman #42 filters. Quantitatively transfer digested samples, blanks, and
standards into 100 mL volumetric flasks. Rinse beakers and filters with D.I. water
and dilute to volume to 100 mL.

6. Samples are now ready for GFAA analysis.

Quality Control:

1. A digested blank and standard (spiked blank) must be included with each batch of
samples that is digested. The blank is a check for possible contamination during the
digestion process; the standard is a check for possible analyte loss during digestion.

2. A matrix spike and duplicate must be prepared, at a minimum, for every 10 samples
digested. If fewer than 10 samples are digested a spike and duplicate are still
required.
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Effective: ',< - 3-

INDUCnVELY COUPLED PLASMA - ATOMIC EMISSION SPECTROMETRIC METHOD

Scope and Application: Metals in solution can be readily analyzed by atomic emission using an
inductively coupled plasma. Dissolved metals are determined in
filtered and acidified samples. Total metals are determined in
acidified, but unfiltered samples. Appropriate steps must be taken in
all analyses to ensure that potential spectral interferences are taken
into account.

Method: Inductively coupled plasma - atomic emission.

Reference: "Methods for Chemical Analysis of Water and Wastes", Method 200.7 EPA
1984.

"Inductively Coupled Plasma - Atomic Emission Spectroscopy", Method 6010,
SW-846, November 1986.

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

"Instructions: Plasma 40 Emission Spectrometer", Perkin-Elmer, 1987.

Sample Handling Acidify aqueous samples with concentrated nitric acid to pH < 2. All
samples must be digested prior to analysis (refer to appropriate
digestion procedure). All samples must be analyzed within 6 months
of sampling date.

Reagents and Appartus:

1. Plasma 40 Perkin-Elmer ICP Spectrometer
2. Argon (liquid: "high purity" or gaseous: "prepurified" grade)
3. Stock and intermediate metal standard solutions
4. EPA, ERA, or other reference standard solutions
5. Nitric acid, cone, (instra-analyzed or equivalent grade)
6. Class A volumetric glassware
7. Deionized water
8. Disposable 15 mL centrifuge tubes
9. 100 uL Eppendorf pipetter
10. 5 or 10 mL Oxford pipetter
11. Yttrium or Scandium stock solution
12. IBM AT Computer or equivalent
13. Epson 800 printer

Procedure:

Instrument Set-Up Procedure for Plasma 40:

1. Turn ON power switch if necessary (routinely left ON throughout week). AJlow 1
hour for RF generator to warm up and electronic and optical components to achieve
thermal equilibrium.
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2. Perform daily maintenance as specified in Maintenance Procedures: check pump,
pump tubing, and nebulizer tips for wear, cleanliness, etc.

3. Turn on argon at tank. The first three indicator lights on the ICP (Power, RF ready,
Interlock) should light.

4. Lock pump tubing in place, raise torch to the "ignite" position, and press "RF
on".

5. When plasma ignites, lower torch to the run position (the injector tip should be even
with or just below the bottom of the lowest RF coil).

6. Turn on pump and aspirate rinse water*. Allow plasma to stabilize 30 to 40 minutes
before starting analysis.

Computer Start-Up Procedure:

1. Turn computer and printer power on (the computer will automatically start with a
memory check).

2. Type CD ICP and press Return to enter the ICP directory. Then type ICP and press
Return again to load software (approximately 10-15 seconds).

3. Perform a EEC check as specified in Maintenance Procedures. The BEC and CV
values must be within the specified range before any analysis is done.

Sample Analysis:

1. Before starting analysis, for each element to be analyzed:

a. Press Fl to select the Element mode, type the appropriate element file name and
press Alt F9 to retrieve it from Library.

b. Press F8 to select Spectrum mode.

c. Analyze a single element standard at approximately 2-10X the IDL.

d. Analyze the ICS AB solution.

e. Analyze 1-3 samples representative of the digestion set.

f. Compare the displayed spectra to check for spectral interferences. Reset
background correction points as needed. If there are overlapping peaks or other
spectral interferences present, an alternate wavelength or interelement
correction must be used.

g. Press F8 to leave the Spectrum mode. If wavelength calibration or background
correction points were changed, press F9 to save the changes.

Rinse water should be D.I. water with a small amount of liquid detergent (such as
Liquinox or Whisk) added to improve wetting of tubing and spray chamber.
Approximately 1-2 mL of soap per 500 mL water should be sufficient.
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2. To store a list of sample labels to be used for the analytical run, select Report mode
(F3), then ID/Wt mode (F8). Enter a file name, type in N (no) in the field for raw
emission counts, mg/L for uncorrected units, and leave the corrected units field
blank. Enter sample labels in the sample ID field in the exact order of analysis;
include all check standards, QC samples, etc. If it is possible that additional samples
may be added to the end of an analytical run (dilutions, post-digestion spikes, linear
range standards, etc.) add additional sample labels to the ID/Wt file in the form of
single letters (A, B, C, etc.) and manually write in the correct sample labels after the
analytical run is completed. Alternatively, a new ID/Wt file may be created after the
analytical run is completed (in this case the raw data must be reprinted with the new
file by selecting Report Format 1 (F5) in the report mode and responding to the
prompts). Save ID/Wt files by pressing F9 (to library).

3. Press F2 to select the Method mode.

4. Type the method file name and press Alt F9 to retrieve the desired method panel
from Library, or create a new panel using existing element files. Standard conditions
are 35 second read delay, 2 replicates per sample, report format #2 and a data file
name composed of the date (mmdd) and a sequential letter identifier (e.g. 0123B for
the second analytical run on Jan 23). An internal standard (usually yttrium) must be
included in any method. Background correction points are already included in each
element file.

5. Add yttrium (or scandium) stock solution (1000 mg/L) as an internal standard to all
standards, blanks, and samples in a ratio of 0.1 mL yttrium stock to 10 mL sample.
This allows automatic correction for matrix differences in viscosity, surface tension,
etc.. If the autosampler is to be used, samples can be pipetted directly into 15 mL
centrifuge tubes. Otherwise mix sample and yttrium in small disposable beakers.

If autosampler is used:

1. If the autosampler is to be used, load sampler starting with the calibration standards
in order of decreasing concentration (highest concentration first, calibration blank
last).

2. Start automatic run (F5). Respond to the prompts that appear at the bottom of the
screen:

a. "Press start function key to begin this analysis": press F5

b. "Enter ID/Wt file": type ID/Wt file name and press Return.

c. "Do you wish to rinse between tubes (Y or N)": type Y and press Return. N
may be selected only for clean samples where no carry-over problems are
anticipated. Always rinse between samples when analysis is following CLP
protocols, or analyzing for Sb, Cr, or Zn.
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d. "Enter position of the last sample in tray": type appropriate number and press
Return (you may wish to enter a number several positions past the last sample to
allow room for the addition of necessary dilutions, etc. at the end of the run).

e. "Do you wish to re-standardize (Y or N)": type N or Y and press Return. N is
usually selected. Y will allow restandardization of the instrument during an
automatic run but additional autosampler positions will be unavailable for
samples. If Y is selected, additional on-screen instructions will prompt for
position of additional calibration standards.

f. "Do you wish to wavelength calibrate during the analysis? (Y or N)": tvpe N or
Y and press Return. N is usually selected. Y will allow recalibration of all
wavelengths used in the current method before analysis is started but additional
autosampler positions will be unavailable for samples. If Y is selected, additional
on-screen instructions will prompt for position of additional wavelength
calibration standards. The system will then begin the analysis.

3. When the analysis is complete press F2 to select Method mode before exiting
software to ensure the data file is stored permanently. Then set up the next panel,
return to Report mode to set up a new ID/Wt file or reprint data, or press ESC to
exit the ICP software.

If samples are to be run manually:

1. Press F2 to start a manual run and respond to prompts to calibrate instrument:
Press F6 (Standard), aspirate the first calibration standard and press Return. At the
prompt, aspirate the next standard(s) and press Return. When all calibration
standards have been analyzed press F5 (Blank) aspirate the calibration blank and
press Return. This completes the instrument calibration.

2. To analyze samples, type in sample label if needed, press F7 (Sample), aspirate
sample and press Return. Repeat with all samples in the run.

Computer Shut-Down Procedure:

1. When analysis is complete press F2 (Method mode). At the message "Do you wish
to quit method"? Type Y.

2. Press "ESC". At the message "Do you wish to quit method?" Type Y.

3. Turn off computer power switch.

4. Turn off printer.

Caution: Never turn off computer power while still using ICP software. This can
cause partial loss of files and other errors.

Instrument Shut-Down Procedure:

1. Aspirate a dilute nitric acid solution (approx. 10%) for 1 to 2 minutes to clean
sample introduction system.
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2. Aspirate D.I. water for 5 minutes to rinse system thoroughly.

3. Turn off pump and release pump tubing.

4. Press "RF off to extinguish plasma.

5. Shut off argon flow at tank.

6. If the ICP will not be used for 2 days or more, turn off ICP power switch.
Otherwise, leave the ICP power ON.

Quality Control;

1. Establish a standard curve with the appropriate calibration standards plus a blank.
Record the emission count for the internal standard in the ICP log book. The
emission count should remain consistent from run to run. If not, necessary
troubleshooting must be performed before continuing (check pump tubing,
nebulizer tips, nebulizer flow, wavelength calibration, etc.).

2. The first analyses for each analytical run are, in order:

a. Initial calibration verification standard (ICV)

b. Initial calibration blank (ICB)

c. Initial standard at 2X the CRDL (CRI). Note: The CRI is not necessary for Ca,
Mg, Na or K.

d. Initial interference check sample, solution A (ICSA).

e. Initial interference check sample, solution AB (ICSAB)

f. Laboratory control standard - an ERA, EPA, or other reference standard
digested with the sample set (LCS)

To continue with sample analyses, the ICV must be within 90-110% of the true value, the
ICB must be less than the CRDL, and the LCS and ICS solutions must be within 80-
120% of the true value. If these QC criteria are not met, discontinue the analytical run
and perform necessary troubleshooting.

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are to
be analyzed, a duplicate and spike are still required. Duplicates and spikes are to be
within required control limits or the data must be flagged appropriately (N for
spikes, * for duplicates). Additionally, if a digested spike is outside required control
limits, a post-digestion spike must be analyzed for that sample.

4. For each sample batch (same matrix and project) one sample must be analyzed at an
additional 5X dilution for the ICP serial dilution analysis (L). If the original sample
concentration is at least 50X above the IDL, the serial dilution must agree within
10% of the original sample concentration or data for all associated samples must be
flagged appropriately (E).
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5. A continuing calibration verification standard (CCV) and blank (CCB) are to be
analyzed, at a minimum, after every 10 analyses. If less than 10 analyses are
performed, a CCV and CCB are still required. The last samples analyzed in the run
are to be a CCV and CCB. The CCVs must be within 90 - 110% of the true value or
the samples run after the last acceptable calibration standard are to be reanalyzed.

6. At the end of each analytical run, but before the final CCV and CCB, the CRI, and
ICS solutions A and AB are to be reanalyzed. The ICS must be within 80-120% of
the true value or the samples run after the last acceptable calibration verification
standard are to be reanalyzed.

7. Refer to the appropriate Quality Assurance Project Plan (QAPP) for project specific
QC information (additional QC requirements, matrix spike and duplicate control
limits, etc.).

8. Detection limit verifications and linear range analyses must be performed each
quarter. Interelement correction factors are to be determined annually at a
minimum. Interelement correction factors must be recalculated on an analyte and
wavelength specific basis any time background correction points are changed in an
element file. Additionally, for greatest accuracy, interelement correction factors
should be re-determined for any analytical batch that is expected to have high
concentrations of common interferents (e.g. any soil, sediment, sludge, or leachate
matrix).

Daily Maintenance Procedures - Plasma 40

1. Pump rollers: With the pump on, feel along the bottom of the pump to determine
that all the rollers are turning smoothly with no resistance or pulling. If a "sticky"
roller is found a service call must be placed to Perkin-Elmer to correct the problem.
A sticky roller will cause rapid deterioration of pump tubing resulting in erratic
results.

2. Pump tubing: Check pump tubing for excessive stretching, soft or flattened spots.
This can cause irregular or diminished sample flow resulting in reduced sensitivity
and lack of precision in sample results. When pump tubing is changed, (usually after
6-8 hours of use) it is necessary to trim ends of the new tubing so the length from the
black stops to the end of the tubing is kept constant. Failure to trim tubing ends can
cause imprecise results due to a longer sample read delay.

3. Nebulizer tips: Remove nebulizer end cap and check nebulizer tips visually and with
the cleaning wire for clogs, salt build-up or other deposits. Follow the instructions in
the Plasma 40 operating instructions for replacing nebulizer tips if necessary (Part 2,
pg 3-8). Used tips may be cleaned by soaking overnight in 10% nitric acid followed
by thorough rinsing with D.I. water. Finally, with the argon on, aspirate water and
observe the spray pattern. The nebulizer should produce a fine, even mist with no
large droplets with the direction of the spray approximately perpendicular to the
face of the end cap (should not deviate more than about 20°). If the spray pattern
looks uneven, "bent", or is pulsing excessively, recheck pump tubing and review
nebulizer maintenance to correct the problem.

[METCONT-199] ICPC2-6



4. BEC check: This is an indication of how well the ICP system is performing. After
the plasma has been ignited and allowed to stabilize for 30-40 minutes perform the
following steps:

a. At the DOS prompt type ICP and press Return to load software.

b. Type MnBEC and press Alt F9 to retrieve this method from Library. Press F6 to
start a manual run.

c. Press F6 again (standards), aspirate a 1.0 mg/L Mn standard and press Return.
The ICP will analyze 10 replicates of this standard. The Coefficient of Variance
(CV) for these readings should be < 2.0. If a higher values is obtained a sample
introduction or instrument calibration problem is indicated. Check pump tubing
and wavelength calibration for Mn and repeat the analysis. Record the CV in the
maintenance log book.

d. Press F5 (blank), aspirate a blank, and press Return to complete the calibration.

f. Turn off the torch (RF off), aspirate D.I. water, and press F7 (sample). The
resulting concentration should be _<J 0.0401. If a higher value is obtained, a
problem with the sample introduction system is indicated. Review maintenance
and, if the problem cannot be corrected, place a service call with Perkin-Elmer.
Record the BEC in the maintenance log book.

i. Re-light the torch and press ESC to end the manual run. Allow the plasma to
stabilize 10-15 minutes before beginning any analysis.

5. Final rinse: When analysis for the day is complete, aspirate dilute (approx. 10%)
nitric acid for one or two minutes followed by D.I. water for approximately 5
minutes. This will help prevent deposits from building up in the sample introduction
system. Remember to release pump tubing when completed.

Weekly Computer Backup;

1. Once a week data files should be copied to floppy disks and deleted from the hard
disk. Data files on floppy disks should be saved for one year.

2. Periodically (every 1-3 months depending on work volume), files should be reviewed,
old files deleted and the entire system backed-up.

Other Maintenance:

1. Occasionally, additional maintenance will be necessary to correct problems arising
from time and wear on the system. Any additional maintenance performed
(including P.E. service calls) should be listed in the maintenance logs. These include
periodic cleaning of the torch assembly, inspection of O-rings in torch assembly, and
wavelength recalibration. Generally, these procedures will only be performed in
response to observed problems. Refer to the Plasma 40 operating manual for
specific directions.
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ICAP CALIBRATION STANDARDS

Wave- Detection
Element length Limit(ug/L)

Cal. Std. Cal. Std. Cal. Std.
1 (ug/L) 2 (ug/L) 3 (ug/L)

ICV CCV
(ug/L)

Al
Al/u

Sb
"Rir>a
"R*>JDC

Cd
Cd
Pi\_u
Cr
Cr
Co
Co
Cu
Cu
Fe
Pb
Pb
Mg
Mn
Ni
Ni
Ao•"£

Na
Sn
V
Zn

237.335
396.152
206.833
233.527
313.107
228.802
214.438
317.933
267.716
205.552
238.892
228.616
324.754
224.700
238.204
220.353
216.999
285.213
257.610
352.454
232.003
338.289
330.237
189.989
292.402
213.856

50
50
50
10
5
5
5

1000
10
10
50
10
10
20
20
100
100
1000
10
20
20
10

2000
200
50
10

20,000
20,000
2000

10,000
1000
1000
1000

200,000
10,000
10,000
10,000
10,000
10,000
10,000
20,000
10,000
10,000
100,000
10,000
10,000
10,000
1000

100,000
10,000
10,000
10,000

400
400
500 250
200
20
50
50

10,000
500 200
500 200
200
200
100
100
200
500
500
5000
100
100
100

50
5000
1000
500 250
100 50

2500
2500
1000
500
250
500
500

10,000
1000
1000
2500
2500
1000
1000
1000
5000
5000

10,000
500
1000
1000
500

20,000
2500
2500
500

4000
4000
1000
2000
200
200
200

80,000
2000
2000
2000
2000
2000
2000
4000
2000
2000

40,000
2000
2000
2000
200

40,000
5000
2000
2000

h
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ICAP CALIBRATION STANDARDS

ICAP calibration standards are prepared from both multi-element stock solutions
purchased from SPEX Industries (custom mixed standards) and single element stock
solutions from VWR and Baxter (Ricca or Mallinckrodt as available).

XWE-1 XWE-2 XWE-3a XWE-4a

2000mg/LFe 20.000 mg/LCa lOOOmg/LCr 2000mg/LAl
lOOOmg/LCu 10,000 mg/L Mg lOOOmg/LPb lOOOmg/LBa
lOOOmg/LMn 10,000 mg/LNa lOOOmg/LV lOOOmg/LCo
1000 mg/L Ni 100 mg/L Cd 100 mg/L Be
1000 mg/L Zn 100 mg/L Ag

Single Element
Stock Solutions

XWE-6a 1000 mg/L

500 mg/L Pb Sb Ag
250 mg/L Co, Al Be Na
100 mg/L Cu, Ni, Fe, Cr Ca V
50 mg/L Ba, Cd, Ag, Zn, Mn Cr Zn

Mg Sn

Calibration Standard #1:

1. For Al, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, Ag, Na, V, Zn: Into a 1 L
volumetric flask, add 500 mL of de-ionized (D.I.) water and 50 mL of
concentrated HC1. Pipet 10 mL each of XWE-1, XWE-2, XWE-3a, and XWE-
4a. Dilute to volume with D.I. water.

2. For Sb: Into a 500 mL volumetric flask, add 250 mL of D.I. water and 25 mL
of concentrated HC1. Pipet 1.0 mL of 1000 mg/L Sb stock solution. Dilute to
volume with D.I. water.

3. For Sn: Into a 500 mL volumetric flask, add 250 mL of D.I. water and 25 mL of
concentrated HC1. Pipet 5.0 mL of 1000 mg/L Sn stock solution. Dilute to
volume with D.I. water.

Calibration Standard #2:

1. For Al, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, Na, V, and Zn: First
prepare 10X dilutions each of XWE-1, XWE-2, XWE-3a, and XWE-4a. Then,
into a 1 L volumetric flask, add 500 mL of D.I. water and 50 mL of
concentrated HC1. Pipet 1.0 mL of XWE-1 (10X dilution). 5.0 mL of XWE-2
(10X dilution), 5.0 mL of XWE-3a (10X dilution), and 2.0 mL of XWE-4a (10X
dilution). Dilute to volume with D.I. water.
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2. For Sb: Into a 200 mL volumetric flask, add 100 mL of D.I. water and 10 mL
of concentrated HC1. Pipet 50 mL of Sb Calibration Standard #1 and dilute to
volume with D.I. water.

3. For Sn: Into a 200 mL volumetric flask, add 100 mL of D.I. water and 10 mL of
concentrated HC1. Pipet 20 mL of Sn Calibration Standard #1 and dilute to
volume with D.I. water.

Calibration Standard #3:

1. For Cr, Ag, V and Zn: First prepare intermediates as follows:

50 mg/L Ag and Zn: Into a 100 mL volumetric flask, add 10 mL of
1:1 HC1. Pipet 5.0 mL each of single element Ag and Zn stock solutions
and dilute to volume with D.I. water.

100 mg/L Cn Into a 100 mL volumetric flask pipet 10.0 mL of single
element Cr stock solution. Add 5 mL of 1:1 HC1 and dilute to volume with
D.I. water.

50.0 mg/L V: Into a 100 mL volumetric flask pipet 5.0 mL of single element
V stock solution. Add 5 mL of 1:1 HC1 and dilute to volume with D.I.
water.

Then, into a 500 mL volumetric flask, add 250 mL D.I. water and 25 mL of
concentrated HC1. Pipet 1.0 mL of 100 mg/L Cr intermediate, 0.5 mL of 10
mg/L Ag-Zn mixed intermediate, and 2.5 of 50 mg/L V intermediate. Dilute to
volume with D.I. water.

2. For Sb: Into a 100 mL volumetric flask, add 50 mL of D.I. water and 10 mL of
1:1 HC1. Pipet 50 mL of Calibration Standard #2 and dilute to volume with
D.I. water.

Initial Calibration Verification:

1. For Al, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, Ag, Na, V, and Zn: Into
a 1 L volumetric flask, add 500 mL of D.I. water and 50 mL of concentrated
HC1. Pipet 10 mL of XWE-6a, 10 mL of 1000 mg/L Mg stock, 10 mL of 1000
mg/L Ca stock, and 20 mL of 1000 mg/L Na stock solutions. Dilute to volume
with D.I. water.

2. For Sb: Into a 500 mL volumetric flask, add 250 mL of D.I. water and 25 mL of
concentrated HC1. Pipet 0.5 mL of 1000 mg/L Sb stock and dilute to volume
with D.I. water.

3. For Sn: Into a 1 L volumetric flask, add 500 mL of D.I. water and 50 mL of
concentrated HC1. Pipet 2.5 mL of 1000 mg/L Sn stock and dilute to volume
with D.I. water.
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Continuing Calibration Verification Standard:

1. For Al, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, Ag, Na, V, and Zn: Into
a 1 L volumetric flask, add 500 mL D.I. water and 50 mL of concentrated HCI.
Pipet 2.0 mL each of XWE-1, XWE-3a, XWE-4a, and 4.0 mL of XWE-2.
Dilute to volume with D.I. water.

2. For Sb: Use Sb Initial Calibration Verification Standard.

3. For Sn: Into a 200 mL volumetric flask, add 100 mL D.I. water and 10 mL of
concentrated HCI. Pipet 1.0 mL of 1000 mg/L Sn stock and dilute to volume
with D.I. water.
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Effective

ATOMIC ABSORPTION SPECTROMETRY FLAME-DIRECT ASPIRATION

Scope and Application: Metals in solution can be readily analyzed by Atomic Absorption
Spectrometry using either flame or furnace techniques. The flame-
direct aspiration method can be used for most metals but is generally
not as sensitive as the furnace method. Both the air-acetylene and
nitrous oxide-acetylene flame techniques are described in this operating
procedure as well as the use of emission spectroscopy.

Method: Flame; direct aspiration

Reference: EPA 1984, Section 200

"Analytical Methods for Flame Spectrophotometry", Varian 1979

Spectr AA - 10/20 Operation Manual, Varian

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Sample Handling: Acidify aqueous samples with concentrated nitric acid to pH<2. All samples
must be digested prior to analysis (refer to appropriate digestion procedures).
Samples must be analyzed within 6 months from date of collection.

Reagents and Apparatus:

1. Varian Spectr AA-20
2. Stock and standard metal solutions
3. class A volumetric glassware
4. Instra-analyzed nitric acid
5. Deionized (D.I.) water
6. Hollow cathode element lamps
7. Disposable 10 mL beakers
8. Eppendorf 100-1000 uL pipetter
9. Oxford 5 or 10 ml pipetter
10. Acetylene gas
11. Air supply
12. Nitrous oxide gas
13. Air-acetylene burner head or nitrous oxide-acetylene burner head
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Setup:

1. Power on instrument. The computer will automatically start with a memory check. When
the first screen appears, it is ready to operate.

Note: Allow the instrument to warm up for one half hour before beginning analysis to
allow for thermal equilibrium of electronic and optical components.

2. Power on printer. Check the paper supply.

3. Install the desired element lamp in the lamp turret by depressing the middle white button
behind the socket, inserting the lamp, and releasing the button. Ensure that the lamp is
secure and that the connections are fitting properly.

Note: Allow lamp a 10-15 minute warm up period before beginning analysis.

Procedure:

This procedure outlines an analysis as it would be run following the instructions given on
sequential computer screens. Note: Any time during setup the "Index" key can be used to
go to any screen in the software.

1. Soft key selections allow the operator to develop program, modify program, or automatic
run. The typical analysis will be run by selecting "Automatic Run."

Note: After completing required information on the present screen use the soft keys to call
up the next screen.

2. Sequence Selection: This screen lists the programs on file. Use the "Clear Sequence"
soft key to erase the last sequence used, type in the number corresponding to the program
desired, and press "Sequence Selection" soft key. This will automatically recall the
program.

3. Sequence Control: This screen is used for automatic runs and autosampler control.
Verify that appropriate values are entered for "first sample" and "last sample", as the flame
will shut off automatically when the "last sample" value is reached. Go to next screen by
pressing "Report Format" soft key.

4. Report Format: Use cursor arrows and numeric keys to enter operator (employee
number) and date. The "Home" key is used to change entries of other parameters.

5. Sample Labels: Use the cursor arrows and numeric keys to enter all sample labels for the
analytical run. It is recommended to include one or two blank labels at the end of the list
to allow for the addition of any dilutions required.
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Note: Sample labels will only be printed if the automatic run is used.

6. Optimization: This screen is used to optimize wavelength and lamp position,

a. Ensure lamp is in the correct position and is turned on.

b. Select proper slit width.

c. Release brake ("off") and set approximate wavelength. Set brake ("on") and fine-
tune the wavelength to achieve maximum intensity on Hollow Cathode Lamp (HCL)
bar graph. "Rescale" (soft key) as often as necessary to keep graph on scale.

d. Optimize lamp position using the adjusting screws on back of the lamp socket.
Adjust for maximum intensity on the bar graph. "Rescale" as often as necessary.

e. If background correction is used, adjust maximum intensity on background bar graph
by 2 set screws on the background corrector housing. Set attenuator ("In" or "Out")
if necessary. "Rescale" if necessary.

f. Record the photomult ipl ier voltage in the instrument log book. A constantly
increasing voltage over time is evidence of decreasing efficiency of the element
lamp. Monitor this voltage to determine when element lamps should be replaced.

Note: HCL and background lamp intensities should match as closely as possible. The
attenuator will decrease the background lamp intensity. A lower lamp current will
decrease the intensity of the element lamp

7. Flame Ignition

a. Turn on compressed air to 50 psi (35-65 psi)

b. Turn on acetylene tank; regulator outlet pressure should be 7-15 psi.

c. Turn on nitrous oxide tank (if necessary - the proper burner head must be in place for
ignition to occur). Regulator outlet pressure should be 50 psi (35-65 psi).

d. Press "Ignite" key and hold down until flame ignites.

Note: The burner head should be at thermal equilibrium before beginning an analytical
run. Allow a warm-up period of 5 to 10 minutes for an air-acetylene flame, and 10 to 15
minutes for a nitrous oxide-acetylene flame.
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8. Signal Optimization

a. Press "Optimize Signal" soft key on optimization screen.

b. Optimize burner head position using horizontal and diagonal adjustments. While
aspirating a high concentration standard, adjust the acetylene flow to achieve
maximum signal intensity.

c. If necessary, adjust the nebulizer impact glass bead by slowly turning the screw
directly below the nebulizer. Adjust for maximum signal intensity.

9. Flame Emission Procedures

a. For emission methods, no element lamp or background correction is used. Burner
head position and wavelength are optimized while aspirating the highest
concentration working standard.

b. Turn the burner head full right or left (approximately 30° angle).

c. Select optimization screen.

d. Adjust wavelength for maximum intensity.

e. Press "Emission Setup" soft key.

f. Continue with automatic or non-automatic run procedure.

10. Automatic Run (no autosampler)

Note: Only pre-existing programs can be used.

a. Press "Start" key to initialize run. Once a run is started, it can be paused by pressing
the "Stop" key, but none of the program parameters can be changed during the
analytical run.

b. Press "Instrument Zero" key after program has been recalled to establish a zero
instrument baseline.

c. Aspirate standards or sample and press "Read". The instrument will display the std
#/sample # on the top of the screen, along with the absorbance.

1 1

d. The "Previous Sample "/"Next Sample" soft keys can be used to repeat a specific
analysis or move ahead in the sample order, "Solution Type" can be used to
restandardize starting at "Blank".
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e. If more than 66 samples and standards are to be analyzed, add them at the end of the
run and press "Previous Sample" key for each sample. Since the sample labels
cannot be changed, leave the last few labels blank on the Sample Labels page, and
manually write them in when the run is completed.

f. Press "Stop" key to pause or end the analysis.

11. Non-automatic Run

Note: A modified or newly developed program can be run in this mode, a well as a pre-
existing program.

a. Set up instrument according to previous instruction. Note that the sample labels and
report format cannot be printed in this mode.

b. Advance to "Standards" screen by use of soft key on optimization screen or through
the "Index".

c. Aspirate standards/samples and press "Read" key as in the automatic run.
\

d. In this mode there is no limit to the number of samples that can be included in an
analytical run. However, sample labels will not be printed automatically and must be
manually written.

12. Instrument Shut Down

a. Close valve on the acetylene tank, the flame will extinguish when all the acetylene is
purged from the line.

b. Recall program #17 or # (Emission programs), so that lamp turret is zero when the
instrument is initially turned on.

c. Turn off printer,

d. Turn off instrument.
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Effective : 1

POTASSIUM - VARIAN 20

Method: Flame Emission: Direct Aspiration

Reference: "Analytical Methods for Flame Spectrophotometry, Varian 1979.

"Standard Methods for the Examination of Water and Wastewater",
16th Edition, Method 322B, 1985.

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: O.lOmg/L

Optimum Range: 0.10 - 10.0 mg/L

Sample Handling Acidify with nitric acid to pH <2. Drinking waters and filtered
groundwater free of paniculate matter and organics may be analyzed
directly, while wastewaters, leachates, solids, etc. must be digested prior to
analysis (refer to appropriate digestion procedures). Analyze within 6
months.

Instrument Conditions:

1. Instrument mode: Emission
2. Wavelength: 766.5 nm
3. Slit Width: 1.0
4. Fuel: Acetylene
5. Oxidant: Air
6. Type of flame: Oxidizing, lean, blue
7. Standards to use for calibration: 0.50, 1.00, 2.00, 5.00, 10.0 mg/L.

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard Potassium Solution (100 mg/L Potassium): Pipet 10 mL of the 1000 ppm
stock potassium solution into a 100 mL volumetric flask, add 0.5 mL FINOs, and
dilute to volume with D.I. water.

2. Standards: (Prepare fresh daily.)

Concentration Volume of Dilute
of Standard Potassium Standard to

0.50 mg/L 0.5 mL of 100 mg/L 100 mL
1.00 mg/L 1 mL of 100 mg/L 100 mL
2.00 mg/L 2 mL of 100 mg/L 100 mL
5.00 mg/L 5 mL of 100 mg/L 100 mL
10.0 mg/L 10 mL of 100 mg/L 100 mL
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Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration
range.

2. Standards are to be prepared in the same acid concentrations as the samples being
analyzed.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Flame
- Direct Aspiration section of this manual.

If potassium is to be analyzed in concentration mode, use the 1.00, 5.00, and 10.0
mg/L standards to calibrate the instrument and follow the procedure for
analyzing in the concentration mode.

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The emission readings
should remain consistent from run to run. If not, necessary troubleshooting must be
performed before continuing (check wavelength, flame head alignment, etc.).

2. A quality control calibration standard of 1.00 mg/L and a blank are to be analyzed,
initially and after every 10 samples. If less than 10 samples are analyzed, a
calibration standard and blank are still required. The last samples analyzed in the
run are to be the calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check standard are to
be reanalyzed.

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate
results are to be within acceptable ranges, or data must be flagged appropriately.

4. An EPA reference sample will be analyzed with each analysis.

Calculations:

1. Calculate using the instrument concentration mode, or

2. For method of standard additions, use linear regression.
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Effective:

SODIUM - VARIAN 20
i

Method: Flame Emission: Direct Aspiration

Reference: "Standard Methods for the Examination of Water and Wastewater",
16th Edition, Method 325B, 1985

"Analytical Methods for Flame Spectrophotometry", Varian, 1979

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990
Detection Limit: 1.0 mg/L

Optimum Range: 1.0 - 100 mg/L

Sample Handling Acidify with nitric acid to pH <2. Drinking waters and filtered
groundwater free of paniculate matter and organics may be analyzed
directly, while wastewaters, leachates, solids, etc. must be digested prior to
analysis (refer to appropriate digestion procedures). Analyze within 6
months.

Instrument Conditions:

1. Set signal to emission. (No lamp is required.)
2. Wavelength: 589.0 nm
3. Slit Width: 0.2 Normal
4. Fuel: Acetylene
5. Oxidant: Air
6. Type of flame: Oxidizing, lean, blue
7. Standards to use for curve set-up: 1.0, 5.0, 10.0, 25.0, 50.0, 75.0, 100.0 mg/L.

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard Sodium Solution (100 mg/L Sodium): Pipet 10 mL of the 1000 ppm stock
sodium solution into a 100 mL volumetric flask, add 1/2 mL HNO3, and dilute to the
mark with D.I. water.

2. Standards: (Prepare fresh daily.)

Concentration Volume of Dilute
of Standard Sodium Standard to

1.0 mg/L 1 mLof 100 mg/LNa 100 mL
5.0 mg/L 5 mLof 100 mg/LNa 100 mL
10.0 mg/L 1 mL of 1000 mg/L Na 100 mL
25.0 mg/L 2.5 mL of 1000 mg/L Na 100 mL
50.0 mg/L 5 mLof 1000 mg/LNa 100 mL
75.0 mg/L 7.5 mL of 1000 mg/L Na 100 mL
100.0 mg/L 10 mLof 1000 mg/LNa 100 mL
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Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration
range.

2. Standards are to be prepared in the same acid concentrations as the samples being
analyzed.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Flame
- Direct Aspiration section of this manual but make the following changes:

1. Turn the burner head counter clockwise as far as it will go (approximately a 45°
angle).

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The emission readings
should remain consistent from run to run. If not/ necessary troubleshooting must be
performed before continuing (check wavelength, flame head alignment, etc.).

2. A quality control calibration standard of 25.0 mg/L and a blank are to be analyzed,
initially and after every 10 samples. If less than 10 samples are analyzed, a
calibration standard and blank are still required. The last samples analyzed in the
run are to be the calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check standard are to
be reanalyzed.

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate
results are to be within acceptable ranges, or data must be flagged appropriately.

4. An EPA reference sample will be analyzed with each analysis.

Calculations:

1. Calculate using instrument concentration mode, or

2. For method of standard additions, use linear regression.

[rff-metcont-276]
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Effective Date: / ^' (2~-

ATOMIC ABSORPTION SPECTROMETRY
Furnace - Direct Injection

Scope and Application: Metals in solution can be readily analyzed by Atomic Absorption
Spectrometry using either flame, furnace or hydride techniques. The
furnace - direct injection technique allows for lower detection limits.
The use of the graphite platform in furnace analyses can improve
sensitivity and reduce some matrix interferences.

Method: Furnace; direct injection

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Section 200
"Test Methods for Evaluating Solid Waste - Physical/Chemical Methods", 3rd
Edition, EPA November 1986
"Analytical Methods for Zeeman Graphite Tube Atomizers" - Varian 1986
"Spectra AA - 300/400 Zeeman Operation Manual" - Varian March 1988

Sample Handling: Acidify aqueous samples with concentrated nitric acid to ph< 2. All samples
must be digested prior to analysis (refer to the appropriate digestion
procedures). Samples must be analyzed within 6 months of the sample
collection date.

Reagents and Apparatus:

1. Zeeman Atomic Absorption Spectrometer - 400
2. Zeeman Graphite tube Atomizer
3. IBM Personal System/2 Model 30 Computer
4. EPSON EX-800 Printer, Citizen HSP-500 printer, or similar adaptable printer.
5. Required metal lamp and power source
6. Stock and standard solutions for required metal
7. Class A volumetric glassware
8. Instr-analyzed nitric acid
9. Deionized (D.I.) water
10. Argon gas - prepurified grade
11. Graphite partition tubes
12. Graphite plateau tubes and platforms
13. Disposable 2 mL sample cups
14. Eppendorf 100-1000 microliter pipetor
15. Disposable 10 ml beakers
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Procedure:

Power Up Procedure

1. Turn on argon gas and cooling water.

2.
A

system can "talk" to each other.

Always turn the system on in the following order: spectrometer, furnace, printer, and
computer. This initializes the communication relays correctly so that all components of the
svstem can "talk" to each other.

3. After the DOS prompt has been displayed, type "Zeeman" and press Enter. After a brief
pause, an introductory message will then be displayed followed by the PROGRAM
MODES page. Follow the on-screen instructions to select the appropriate mode.

Automatic Run Using the Sampler:

Notes:

a. Only programs which have been stored can be used for an automatic run.

b. For all programs, the method of sample introduction (instrument parameters page)
must be specified as sampler automixing (for automatic mixing of calibration
standards from a single, high concentration standard) or sampler premixed (for a full
set of calibration standards that are prepared by the operator prior to analysis).

c. Options on the report format page allow raw data to be printed either as it is
collected during an analytical run (used for most analyses), or after the analysis is
completed (used for sequential runs of multiple elements).

d. If an automatic run is stopped and then restarted, the sampler will automatically
perform a tube clean and analyze a blank. It will then continue on according to the
instructions set in the sequence control page.

e. F9 through F12 are hard keys with their function on the supplied overlay. Fl through
F6 are soft keys; their functions will change from one page to the next. The function
for each soft key is displayed at the bottom of the screen and only those displayed are
active for that page.
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f. Any page described below can be recalled by returning to the index and entering the
appropriate page number.

1. Perform daily maintenance. Check the condition of the graphite tube and replace as
necessary.

2. From the program modes page, press automatic run. The system will automatically
display the sequence selection page.

3. On the sequence selection page, press Fl to clear the sequence of previous element(s) and
enter the number of the program to be run. If more than one program is to be run, press
enter after each element program number. Press F6 to recall program. The sequence
control page will automatically be displayed.

4. Follow on-screen instructions to enter the number of initial tube burns for cleaning (1 or 2
for previously used furnace tubes, 3 or 4 burns for new tubes), the starting position for the
run (usually position #1), and the last position for the run. Note that when the analysis at
the last position is completed, the automatic run is terminated and the element lamp is shut
off automatically. Setting the final position to leave several empty cups at the end of the
analytical run allows necessary repeats or dilutions to be added to the end of the current
run, saving lamp warm-up and calibration time.

5. Return to the index and select page 6 (optimization)

a. Open the lamp turret cover and ensure that the required lamp is in the operating
position.

b. Observe the signal bar labelled align he lamp displayed on the video screen. Turn the
horizontal lamp base adjusting screw (the top one of the two) fully clockwise. Now
turn this screw slowly counter-clockwise until the first peak is detected (the length of
the signal bar will increase). Continue adjusting this screw until the length of the
signal bar is the maximum obtainable (if the signal bar is fully extended, press the
rescale soft key, Fl, to bring the signal bar back on scale and again adjust the screw to
obtain maximum signal. Note particularly that turning the horizontal adjusting screw
further counter-clockwise may produce a second peak. Do not align the lamp on this
second peak - always align the lamp on the first peak. Carefully adjust the vertical
adjusting screw (the bottom one of the two) so that the length of the signal bar is the
maximum obtainable (if necessary, press Fl to rescale the signal bar).
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c. Record the photomultiplier voltage in the instrument log book. A constantly
increasing voltage over time is evidence of decreasing efficiency of the element lamp.
Monitor this voltage to determine when element lamps should be replaced.

d. When switching from partition to platform rubes (or vice-versa), check the position of
the graphite tube automizer:

Hold a piece of white card between the right furnace window and the sample
compartment window. Use the furnace vertical adjust and position the furnace
unit until light from the hollow cathode lamp is obviously passing through the
graphite tube onto the card.

Remove the card. Observe the signal bar labelled align he lamp displayed on
the video screen. Use the furnace vertical adjust and carefully adjust the position
of the furnace unit until the length of the signal bar is the maximum obtainable.

5. Use the soft key indicated, or return to index to select standards page. This page tells
which standards are to be used for calibration.

6. Use the soft key indicated, or return to index to select sampler page. This page lists the
volume of standards, blanks, samples and modifier that are to be used for analysis.

7. At the sampler page, press F2 to align the sampler arm. Place a finger on the arm as it
starts to descend into the furnace and gently lower the arm by hand. Carefully adjust the
sampler position using the two adjustment knobs on the base of the autosampler so that the
capillary is exactly in the center of the sample injection hole. With the capillary down in
the furnace, and using the mirror, turn the height adjusting screw so the capillary is about 1
mm above the bottom of the tube or platform.

8. Return to index and select report format page. Enter operator initials, analysis date, and
batch number. Review the defaults set for the remaining parameters. Follow the on-screen
instructions for using the home key to make any needed changes.

9. If sample labels are to be printed with the raw data, press F6 and enter appropriate labels.
Note that the Tab key will jump the cursor to the next field; the T and -t keys to move the
cursor up and down the columns.
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10. Press F10 to zero the instrument before beginning analysis. Press Fl 1 to start the
automatic run.

11. To change basic operating conditions (these are default conditions recalled automatically
with the analytical program), press F12 to pause run, return to the index and select page 4,
instrument parameters. Parameters may be changed using the home key or soft keys as
indicated. Press Fl 1 to resume the analytical run.

Furnace Maintenance:

The following maintenance is to be done each day the furnace is operated:

1. Clean the furnace windows.

a. Twist out furnace windows from furnace unit.
b. Wipe windows with a Q-tip moistened with alcohol.
c. Rinse windows with D.I. water and dry with a Kim-Wipe
d. Re-insert windows in furnace.

2. Check machine windows and clean if needed.

3. Wipe inside of furnace with a Q-tip moistened with alcohol.

4. Fill the autosampler rinse bottle with D.I. water.

5. Open the syringe compartment door on the autosampler and pull the syringe assembly
carefully out of its mounting. Remove the plunger from the syringe, and on the sampler
page, press F3 to rinse the syringe and bleed any air bubbles from the syringe. Press F3
and rinse again, while water is dripping from syringe insert the plunger into the syringe.
Wipe the syringe dry and carefully re-insert in its mounting.

6. Inserting graphite tube

a. Swing toggle lever on top of furnace fully clockwise to open furnace.

b. Place graphite tube in the graphite shroud in the center block. Align sample
introduction port of the graphite tube with the opening in the furnace block.
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c. Swing the tosgle lever fullv counter-clockwise and the rishthand electrode assembly
W *__ C * t_r ,

will automatically close on the center block.

d. Before using a new graphite tube for analyses, use the tube clean utility (signal
graphics page) 3-4 times to remove any contamination. This can be done
automatically by entering 3 or 4 tube cleans in the appropriate field on the sequence
control (page 11) before starting an analytical run.
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Effective Date:

ANTIMONY - VARIAN 400

Method: AA - Furnace; Direct Injection

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 204.2

"Test Methods for Evaluating Solid Waste - Physical/Chemical Methods", 3rd
Edition, EPA November 1986, Method 7041

"Analytical Methods for Zeeman Graphite Tube Atomizers", Varian, 1986

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: 0.005 mg/L

Optimum Range: 0.005 - 0.100 m.g/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode:
Calibration Mode:
Measurement Mode:
Lamp Current (mA):
Slit Width (nm):
Slit Height:
Wavelength (nm):
Sample Introduction:
Time Constant:
Measurement Time (sec):
Replicates:
Background Correction:
Maximum Absorbance:

Absorbance
Concentration
Peak Area
14
0.2
Normal
217.6
Sampler Premixed
0.05
2.0
2
On
1.40
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Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration range.

2. Standards are to be prepared in the same acid concentrations as the samples being
analyzed.

3. The use of background correction is required.

4. The use of halide acids should be avoided.

5. Nickel nitrate is added as a matrix modifier to control interferences.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -
Direct Injection section of this manual.

Use the 25.0, 50.0, and 100.0 ug/L standards for instrument calibration.

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance_ check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 25.0 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 50.0 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

3. Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.
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4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.

5. For every sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a. If the spike recovery is within 85 - 115%, standard additions are not required.

b. If the spike recovery is outside 85 - 115%, standard additions are required. (See the
Furnace Decision Tree for more detail.)

6. An EPA reference standard will be analyzed with each analysis.

Calculations:

1. Calculate using the instrument concentration mode, or

2. For method of standard additions calculate usin2 linear regression.
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Effective Date:

ARSENIC - VARIAN 400

Method: AA - Furnace; Direct Injection

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 206.2

"Test Methods for Evaluating Solid Waste - Physical/Chemical Methods", 3rd
Edition, EPA November 1986, Method 7060

"Analytical Methods for Zeeman Graphite Tube Atomizers"-Varian, 1986

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: 0.002 mg/L

Optimum Range: 0.002 - 0.050 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode:
Calibration Mode:
Measurement Mode:
Lamp Current (mA):
Slit Width (nm):
Slit Height:
Wavelength (nm):
Sample Introduction:
Time Constant:
Measurement Time (sec):
Replicates:
Background Correction:
Maximum Absorbance:

Absorbance
Concentration
Peak Area
10
1.0
Normal
193.7
Sampler Premixed
0.05
1.0
2
On
0.95
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FURNACE PARAMETERS

Hot inject samples at 125° C

Time
(sec)

Gas Flow Read
(L/min) Gas Type Command

220
240
240
1400
1400
1400
2600
2600
2600

1.0
35.0
5.0
5.0
10.0
1.0
0.8
2.0
1.0

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NO
NO
NO
NO
NO
NO
YES
YES
NO

Step Temp (°C)

1
2
3
4
5
6
7
8
9

Sample Volume: 20 uL

Matrix modifier volume: 5 uL (0.25% nickel nitrate).

Calibration standards: 10.00, 20.00, 50.00 ug/L.

Hot Inject: Yes, Temp = 125° C.

Graphite Tube Type: Pyrolytic coated plateau tube

Reagent Preparation:

1. Standard Arsenic Solution (1000 ug/L Arsenic): Pipet 1.00 mL of the 1000 ppm stock
arsenic solution into a 1000 mL volumetric flask, add 0.5 mL HNO^ and dilute to the mark
with deionized water. Prepare fresh monthly.

2. Calibration standards: Digest according to the appropriate digestion procedure. Prepare
fresh monthly.

Concentration
of Standard

Oug/L
10 ug/L
20 ug/L
50 ug/L

Volume of
Arsenic Standard

OmL of 1000 ug/L As
1 mL of 1000 ug/L As
2 mL of 1000 ug/L As
5 mL of 1000 ug/L As

Dilute
to

100 mL
100 mL
100 mL
100 mL
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3. Nickel Nitrate (0.25%): In a 100 mL volumetric flask dissolve 1.25 g of Ni(NO3)2 • 6H2O
in D.I. water and dilute to 100 mL. Prepare fresh every 6 months.

Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration range.

2. Standards are to be prepared in the same acid concentrations as the samples being
analyzed.

3. Nickel nitrate is added as a matrix modifier to minimize volatilization losses during the
drying and charring steps.

4. The use of background correction is required.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -
Direct Injection section of this manual.

Use the 10.0, 20.0, and 50.0 ug/L standards for instrument calibration.

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 10.0 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 20.0 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 bums,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.
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3. Analyze a standard at, or less than, the contract required detection limit of 10 ug/L after the
initial calibration verification and blank.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.

5. For every sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a. If the spike recovery is within 85 - 115%, standard additions are not required.

b. If the spike recovery is outside 85-115%, standard additions are required. (See the
Furnace Decision Tree for more detail.)

6. An EPA reference sample will be analyzed with each analysis.

Calculations:

1. Calculate using the instrument concentration mode, or

2. For method of standard additions calculate using linear regression.
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Effective Date:

CADMIUM - VARIAN 400

Method: AA - Furnace; Direct Injection

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 213.2

"Analytical Methods for Zeeman Graphite Tube Atomizers", Varian, 1986

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: 0.0002 mg/L

Optimum Range: 0.0002 - 0.0030 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode: Absorbance
Calibration Mode: Concentration
Measurement Mode: Peak Area
Lamp Current (mA): 3
Slit Width (nm): 0.5
Slit Height: Normal
Wavelength (nm): 228.8
Sample Introduction: Sampler Premixed
Time Constant: 0.05
Measurement Time (sec): 1.0
Replicates: 2
Background Correction: On
Maximum Absorbance: 0.70
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FURNACE PARAMETERS

Hot inject samples at 125R C

Step Temp (RC)

1
2
3
4
5
6
7
8
9

230
260
260
700
700
700

2000
2000
2000

Time
(sec)

1.0
35.0
5.0
5.0
5.0
1.0
0.8
2.0
2.0

Gas Flow
(L/min)

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0

Gas Type

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

Read
Command

NO
NO
NO
NO
NO
NO
YES
YES
NO

Sample Volume: 12 uL

Matrix Modifier Volume: 4 uL (Monobasic ammonium phosphate)

Calibration standards: 1.00, 2.00,3.00 ug/L

Hot Inject: Yes, Temp = 125R C.

Graphite Tube Type: Pyrolytic coated plateau tube

Reagent Preparation; (Prepare fresh every 6 months unless otherwise noted.)

1. Standard Cadmium Solution (1000 ug/L Cadmium): Pipet 1.00 mL of the 1000 ppm
stock cadmium solution into a 1000 mL volumetric flask, add 0.5 mL HNOj, and
dilute to the mark with D.I. water. Prepare fresh daily.

2. Working Cadmium Solution (100 ug/L Cadmium): Pipet 10 mL of the 1000 ug/L
cadmium into a 100 mL volumetric flask and dilute to the mark with D.I. water.
Prepare fresh daily.

3. Standards (Prepare fresh daily.):

Concentration
of Standard

1.00 ug/L
2.00 ug/L
3.00 ug/L

Volume of
Cadmium Standard

ImLoflOOug/LCd
2mLoflOOug/LCd
3mLoflOOug/LCd

Dilute
to

100 mL
100 mL
100 mL
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4. Monobasic Ammonium Phosphate Solution (1% w/v): Add 1.0 g of ammonium
phosphate (monobasic) to a 100 mL volumetric flask. Dissolve in D.I. water and dilute to
volume.

Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration range.

2. Standards are to be prepared in the same acid concentrations as the samples being analyzed.

3. The use of background correction is required.

4. The cadmium flame or ICP procedure is recommended where concentrations are greater
thanO.lOmg/L.

5. Ammonium phosphate is added as a matrix modifier to improve peak shape and allow
higher ashing temperatures.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry,
Furnace - Direct Injection section of this manual.

Use of peak area is required.

Use the 1.00, 2.00, and 3.00 ug/L standards for instrument calibration.

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 1.00 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 2.00 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.
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3. Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.

5. For every sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a. If the spike recovery is within 85 - 115%, standard additions are not required.

b. If the spike recovery is outside 85 - 115%, standard additions are required. (See
Furnace Decision Tree for more detail.)

6. An EPA reference sample will be analyzed with each analysis.

Calculations:

1. Calculate using instrument concentration mode, or

2. For method of standard additions calculate using linear regression.

[rff-metcont-292]
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Effective Date:

CHROMIUM - VARIAN 400

Method: AA - Furnace; Direct Injection

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 218.2.

"Analytical Methods for Zeeman Graphite Tube Atomizers", Varian, 1986

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: 0.0002 mg/L

Optimum Range: 0.0002 - 0.010 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode: Absorbance
Calibration Mode: Concentration
Measurement Mode: ' Peak Area
Lamp Current (mA): 7
Slit Width (nm): 0.2
Slit Height: Reduced
Wavelength (nm): 357.9
Sample Introduction: Sampler Premixed
Time Constant: 0.05
Measurement Time (sec): 1.0
Replicates: 2
Background Correction: On
Maximum Absorbance: 2.00

[METCONT-289] CR4003C-1 Rev. Date: 4/92



FURNACE PARAMETERS

Hot inject samples at 95° C

Step Temp (°C)
Time
(sec)

Gas Flow
(L/min) Gas Type

Read
Command

1
2
^

4
5
6
7
8
9

105
120
150
1000
1000
1000
2600
2600
2600

5.0
12.0
3.0

10.0
5.0
2.0
1.2
2.0
2.0

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NO
NO
NO
NO
NO
NO
YES
YES
NO

Sample Volume: 20 uL

Matrix Modifier Volume: 5 uL of mixed calcium nitrate/H2O2 solution

Calibration standards: 2.00, 5.00, 10.0 ug/L.

Hot Inject: Yes, Temp = 95° C.

Graphite Tube Type: Pyrolytic coated partition tube

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard Chromium Solution (1000 ug/L Chromium): Pipet 1.00 mL of the 1000 ppm
stock Chromium solution into a 1000 mL volumetric flask, add 0.5 mL HNO^, and dilute to
volume with D.I. water. Prepare fresh daily.

2. Working Chromium Standard (100 ug/L Chromium): Pipet 10 mL of the 1000 ug/L
chromium into a 100 mL volumetric flask and dilute to volume with D.I. water. Prepare
fresh daily.

3. Standards: (Prepare fresh daily.)

Concentration
of Standard

2.00 ug/L
5.00 ug/L
10.0 ug/L

[METCONT-289]

Volume of
Chromium Standard

2.0 mL of 100 ug/L Cr
5.0 mL of 100 ug/L Cr

lO.OmLof 100 ug/LCr
CR4003C-2

Dilute
to

100 mL
100 mL
100 mL
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4. Calcium Nitrate/Peroxide Solution: Dissolve 0.59 grams of Ca(NO3)2»4H9O in
approximately 75 mL of D.I. water in a 100 mL volumetric flask. Add 5.0 mL 30% F^O-?
and dilute to volume with D.I. water (solution contains 1000 mg/L Ca).

Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration range.

2. Standards are to be prepared in the same acid concentrations as the samples being analyzed.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -
direct Injection section of this manual.

Use the 2.00, 5.00 and 10.0 ug/L standards for instrument calibration.

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 5.00 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 5.00 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

3. Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.

[METCONT-289] CR4003C-3 Rev. Date: 4/92



5. For every sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a. If the spike recovery is within 85-115%, standard additions are not required.

b. If the spike recovery is outside 85 - 115%, standard additions are required. (See
Furnace Decision Tree for more detail.)

6. An EPA reference sample will be analyzed with each analysis.

Calculations:

1. Calculate using instrument concentration mode, or

2. For method of standard additions calculate using linear regression.

[METCONT-289] CR4003C-4 Rev. Date: 4/92
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Effective Date: Y$& '?-

LEAD - VARIAN 400

Method: AA - Furnace; Direct Injection

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 239.2

"Analytical Methods for Zeeman Graphite Tube Atomizers", Varian, 1986.

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: 0.003 mg/L

Optimum Range: 0.003 - 0.050 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode: Absorbance
Calibration Mode: Concentration
Measurement Mode: Peak Area
Lamp Current (mA): 4
Slit Width: 0.5
Slit Height: Normal
Wavelength 283.3
Sample Introduction: Sampler Premixed
Time Constant: 0.05
Measurement Time (sec): 1.0
Replicates: 2
Background: On
Maximum Absorbance: 1.40
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FURNACE PARAMETERS

Hot inject samples at 125RC

Step
Time

Temp (RQ (sec)

1
2
3
4
5
6
7
8
9

220
240
240
650
650
650

2200
2200
2500

1.0
35.0
5.0
5.0

15.0
1.0
0.9
2.0
2.0

Gas Flow
(L/Min)

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0

Gas Type

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

Read
Command

NO
NO
NO
NO
NO
NO
YES
YES
NO

Sample Volume; 20 uL

Matrix modifier volume: 5 uL 0.5% w/v Ammonium Phosphate Monobasic or 5 ul of
lanthanum nitrate modifier.

Calibration standards: 3.0,10.0,20.0,50.0 ug/L

Hot Inject: Yes, Temp = 125RC.

Graphite Tube Type: Pyrolytic Coated Plateau Tube

Reagent Preparation; (Prepare fresh every 6 months unless otherwise noted.)

1. Standard lead solution (10.0 mg/L Lead): Pipet 1.0 mL of the 1000 ppm stock lead
solution into a 100 mL volumetric flask, add 0.5 mL HNO3 and dilute to volume with
deionized water. Prepare fresh daily.

2. Standard lead solution (lOOug/L Lead): Pipet 1.0 mL of the 10.0 mg/L lead standard
into a 100 mL volumetric flask, add 0.5 mL HNO3 and dilute to volume with
deionized water. Prepare fresh daily.

[METCONT-284] PM004C-2 Rev. Date: 4/92



3. Standards: (Prepare fresh daily.)

Concentration Volume of Dilute
of Standard Lead Standard to

3.0ug/L 3 mLof lOOug/LPb 100 rnL
10.0 ug/L lOmLof lOOug/LPb 100 rnL
20.0 ug/L 20 mL of 100 ug/L Pb 100 mL
50.0 ug/L 50 mL of 100 ug/L Pb 100 mL

4. Ammonium phosphate matrix modifier (0.5% w/v): Dissolve 0.5g ammonium
phosphate monobasic in lOOmL D.I. water.

5. Lanthanum nitrate matrix modifier: Dissolve 5.864g of La2O^ in 10 ml concentrated
nitric acid and dilute to 1 L with D.I. water.

Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration range.

2. Standards are to be prepared in the same acid concentrations as the samples being analyzed.

3. The use of background correction is required.

4. Ammonium phosphate is added as a matrix modifier to improve peak shape and allow
higher ashing temperatures. Ammonium phosphate is the preferred matrix modifier for
groundwater, residential wells, and any other samples where chloride or sulfate
concentrations are expected to be less than 100 mg/L. Due to its more corrosive nature,
lanthanum nitrate should be used as matrix modifier only if chloride and/or sulfate
concentrations are expected to exceed 100 mg/L.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -
Direct Injection section of this manual.

Use the 3.0, 10.0,20.0 and 50.0 ug/L standards for instrument calibration.

(METCONT-284) PM004C-3 Rev. Date: 4/92



Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 20.0 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 20.0 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

3. Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.

5. For every sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a. If the spike recovery is within 85-115%, standard additions are not required.

b. If the spike recovery is outside 85-115%, standard additions are required. (See
Furnace Decision Tree for more detail.)

6. An EPA reference sample will be analyzed with each analysis.

Calculations:

1. Calculate using the instrument concentration mode, or

2. For method of standard additions calculate using linear regression.

[METCONT-284] Pb4004C-4 Rev. Date: 4/92
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Effective Date:

SELENIUM - VARIAN 400

Method: AA - Furnace; Direct Injection

Reference: "Methods for Chemical Analysis of Water and Wastes", ERA 1984, Method 270.2

"Analytical Methods for Zeeman Graphite Tube Atomizer"-Varian, 1986

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: 0.002 mg/L

Optimum Range: 0.002 - 0.050 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode: Absorbance
Calibration Mode: Concentration
Measurement Mode: Peak Height
Lamp Current (mA): 8
Slit Width (run): 1.0
Slit Height: Normal
Wavelength (nm): 196.0
Sample Introduction: Sampler Premixed
Time Constant: 0.05
Measurement Time (sec): 1.0
Replicates: 2
Background Correction: On
Maximum Absorbance: 1.20
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FURNACE PARAMETERS

Hot inject samples at 125°C

Step Temp (°C)
Time
(sec)

Gas Flow
(L/min) Gas Type

Read
Command

1
2
3
4
5
6
7
8
9

220
240
240
1400
1400
1400
2600
2600
2600

1.0
35.0
5.0
5.0
10.0
1.0
0.8
2.0
1.0

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NO
NO
NO
NO
NO
NO
YES
YES
NO

Sample Volume: 20 uL

Matrix Modifier Volume: 5 uL (0.25% nickel nitrate)

Standards to use for curve set-up: 5.0, 10.0, 20.0, 50.0 ug/L.

Hot Inject: Yes, Temp = 125°C.

Graphite Tube Type: Pyrolytic coated plateau tube

Reagent Preparation:

1. Standard selenium solution (1000 ug/L Selenium): Pipet 1.00 mL of the 1000 ppm stock
selenium solution into a 1000 mL volumetric flask, add 0.5 mL HNO-i and dilute to volume
with D.I. Prepare fresh monthly.

2. Calibration standards: Digest standards according to the appropriate digestion procedure.
Prepare fresh monthly.

Concentration
of Standard

5.0 ug/L
10.0 ug/L
20.0 ug/L
50.0 ug/L

Volume of
Selenium Standard

0.5 mL of 1000 ug/L Se
1 mL of 1000 ug/L Se
2 mL of 1000 ug/L Se
5mLof lOOOua/LSe

Dilute
to

lOOmL
100 mL
100 mL
100 mL
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3. Nickel Nitrate (0.25%): In a 100 mL volumetric flask dissolve 1.25 g of Ni(NCM9 •
3 —

6H9<D in D.I. water and dilute to 100 mL. Prepare fresh every 6 months.

Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration range.

2. Chloride (> 800 mg/L) and sulfate (> 200 mg/L) interfere with this selenium procedure.
Nickel nitrate is added as a matrix modifier to minimize these interferences.

3. Background correction is required.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -
Direct Injection section of this manual.

Use the 5.0, 10.0, 20.0 and 50.0 mg/L standards for instrument calibration.

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 10.0 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 20.0 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

3. Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.

[METCONT-279] Se4004C-3 Rev Date 04/92



5. For every sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

If the spike recovery is within 85 - 115%, standard additions are not required.

If the spike recovery is outside 85 - 115%, standard additions are required. (See
Furnace Decision Tree for more detail.)

6. An EPA reference standard will be analyzed with each analysis.

Calculations:

1. Calculate using the instrument concentration mode, or

2. For method of standard additions calculate using linear regression.

[METOONT-279] Se4004C-4 Rev Date 04/92
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Effective Date:

SILVER - VAR1AN 400

Method: AA - Furnace; Direct Injection

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 272.2

"Analytical Methods for Zeeman Graphite Tube Atomizers", Varian, 1986

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: 0.0005 mg/L

Optimum Range: 0.0005 - 0.010 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode: Absorbance
Calibration Mode: Concentration
Measurement Mode: Peak Height
Lamp Position: 7
Lamp Current (m A): 4
Slit Width (nm): - 0.5
Slit Height: Normal
Wavelength (nm): 328.1
Sample Introduction: Sampler Premixed
Time Constant: 0.05
Measurement Time (sec): 1.0
Replicates: 2
Background Correction: On
Maximum Absorbance: 1.30
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FURNACE PARAMETERS

Hot inject samples at 95° C

Step
1
2
3
4 '
5
6
7
8

Temp (°C)
105
120
400
400
400

2000
2000
2000

Time
(sec)
5.0

12.0
5.0
1.0
2.0
0.9
2.0
2.0

Gas Flow
(L/min)

3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0

Read
Gas Type Command
NORMAL NO
NORMAL NO
NORMAL NO
NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL NO

Sample Volume: 20 uL

Calibration standards: 1.00,4.00, lO.OOug/L.

Hot Inject: Yes, Temp = 95° C

Graphite Tube Type: Pyrolytic coated partition tube

Reagent Preparation:

1. Standard Silver Solution (1000 ug/L Silver): Pipet 1.00 mL of the 1000 ppm stock silver
solution into a 1000 mL volumetric flask, add 5.0 mL HNOo and dilute to the mark with
D.I. Prepare fresh daily.

2. Working Silver Standard (100 ug/L Silver): Pipet 10 mL of the 1000 ug/L silver
standard into a 100 mL volumetric flask and dilute to the mark with D.I. Prepare fresh
daily.

3. Standards: (Prepare fresh daily.)

Concentration
of Standard

1.00 ug/L
4.00 ug/L
10.0 us/L

Volume of
Silver Standard

1 mLof 100 ug/L Ag
4 mL of 100 ug/L Ag
10 mLof 100 iig/LAg

Dilute
to

100 mL
100 mL
100 mL
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Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration range.

2. Standards are to be prepared in the same acid concentrations as the samples being analyzed.

3. Background correction is required.

4. t The use of halide acids should be avoided.

5. Silver standards are light sensitive and tend to plate out on the container walls. Silver
standards should be stored in amber glass bottles rather than plastic.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -
Direct Injection section of this manual.

Use the 1.0, 4.0 and 10.0 ug/L standards for instrument calibration.

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not. necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment, lamp alignment, graphite tube, etc.).

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 1.00 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 4.00 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns ,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

3. Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.
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4. Duplicate and spike a min imum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.

5. For every sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a. If the spike recovery is within 85 - 115%, standard additions are not required.

b. If the spike recovery is outside 85 - 115%, standard additions are required. (See
Furnace Decision Tree for more detail.)

6. An EPA reference standard will be analyzed with each analysis.

Calculations:

1. Calculate using instrument concentration mode, or

2. For method of standard additions calculate using linear regression.
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Effective Date:

THALLIUM- 400 VARIAN

Method: AA - Furnace; Direct Injection

Reference: "Methods for Chemical Analysis of Water and Wastes", EPA 1984, Method 279.2

"Analytical Methods for Zeeman Graphic Tube Atomizers" - Varian 1986.

"Statement of Work for Inorganic Analysis", ELMO 1.0, EPA 1990

Detection Limit: 0.003 mg/L

Optimum Range: 0.003 - 0.050 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode: Absorbance
Calibration Mode: Concentration
Measurement Mode: Peak Area
Lamp Current (mA): 10
Slit Width (nm): 0.5
Slit Height: Normal
Wavelength (nm): 276.8
Sample Introduction: Sampler Premixed
Time Constant: 0.05
Measurement Time (sec): 1.0
Replicates: 2
Background Correction: On
Maximum Absorbance: 0.55
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FURNACE PARAMETERS

Hot inject samples at 1253 C

Step

1
2
3
4
5
6
7
8
9

Temp (°C)

220
240
240
500
500
500

2400
2400
2400

Time
(sec)

3.0
35.0

5.0
5.0

10.0
1.0
1.0
2.0
1.0

Gas Flow
(L/min)

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0

Gas Type

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

Read
Command

NO
NO
NO
NO
NO
NO
YES
YES
NO

Sample Volume: 20 uL

Matrix Modifier Volume: 5 uL (1% H2SO4)

Calibration standards: 10.00, 25.00, 50.00 ug/L.

Hot Inject: Yes, Temp = 125°C.

Graphite Tube Type: Pyrolytic coated plateau tube

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard Thallium Solution (1000 ug/L Thallium): Pipet 1.00 mL of the 1000 ppm
stock thallium solution into a 1000 mL volumetric flask, add 0.5 mL HNO3 anci dilute to

volume with D.I. water. Prepare fresh daily.

2. Standards: (Prepare fresh daily.)

Concentration
of Standard

10.0 ug/L
25.0 ug/L
50.0 us/L

Volume of
Thallium Standard

1.OmL of 1000 ug/L Tl
2.5 mL of 1000 ug/L Tl
5.0 mL of 1000 ug/L Tl

Dilute
to

100 mL
100 mL
100 mL

3. H2SO4 1.0% Solution: Add 1.0 mL of concentrated H2SO4 to 90 mL D.I. water. Dilute
to 100 mL.
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Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration range.

2. Standards are to be prepared in the same acid concentrations as the samples being analyzed.

3. 1% I-^SO^ is added as a matrix modifier.

4. The use of background correction is required.

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -
Direct Injection section of this manual.

Use the 10.0, 25.0 and 50.0 mg/L standards for instrument calibration.

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, furnace alignment lamp alignment, graphite tube, etc.).

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 12.5 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 25.0 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards
must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

3. Analyze a standard at, or less than, the contract required detection limit after the initial
calibration verification and blank.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.
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5. For every sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

a. If the spike recovery is within 85 - 115%, standard additions are not required.

b. If the spike recovery is outside 85 - 115%, standard additions are required. (See
Furnace Decision Tree for more detail.)

6. An EPA reference standard will be analyzed with each analysis.

Calculations:

1. Calculate using instrument concentration mode, or

2. For method of standard additions calculate using linear regression.
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Effective Date:

VANADIUM- VARJAN 400

Method: AA - Furnace; Direct Injection

Reference: "iMethods for Chemical Analysis of Water and Wastes", EPA 1984, Method 286.2

"Analytical Methods for Zeeman Graphite Tube Atomizers", Varian, 1986

"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Detection Limit: 0.002 mg/L

Optimum Range: 0.002 - 0.050 mg/L

Sample Handling: Acidify aqueous samples with nitric acid to pH <2. Analyze within 6 months.
All samples must be digested prior to analysis.

Instrument Conditions:

Instrument Mode: Absorbance
Calibration Mode: Concentration
Measurement Mode: Peak Area
Lamp Current (m A): 10
Slit Width (nm): 0.2
Slit Height: Normal
Wavelength (nm): 318.5
Sample Introduction: Sampler Premixed
Time Constant: 0.05
Measurement Time (sec): 1.0
Replicates: 2
Background Correction: On
Maximum Absorbance: 1.80
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FURNACE PARAMETERS

Hot inject samples at 95°C

Step Temp (°C)
Time
(sec)

Gas Flow Read
(L/min) Gas Type Command

1
2
3
4
5
6
7
8
9

105
130
150
1400
1400
1400
2700
2700
2700

5.0
12.0
3.0
5.0
10.0
1.0
0.7
2.0
2.0

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NO
NO
NO
NO
NO
NO
YES
YES
NO

Sample Volume: 20 uL

Calibration Standards: 10.0, 20.0, 50.0 ug/L.

Hot Inject: Yes, Temp. = 953C

Graphite Tube Type: Pyrolytic coated partition tube

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.)

1. Standard vanadium solution (1000 ug/L vanadium): Pipet 1.0 mL of the 1000 ppm
stock vanadium solution into a 1000 mL volumetric flask, add 0.5 mL HNO-^ and dilute to
the mark with deionized water. Prepare fresh daily.

2. Standards: (Prepare fresh daily.)

Concentration
of Standard

10.0 ug/L
20.0 ug/L
50.0 U2/L

Volume of
Vanadium Standard

1.0 mL of 1000 ug/L V
2.0 mL of 1000 ug/L V
5.0 mL of 1000 ug/L V

Dilute
to

100 mL
100 mL
100 mL

Notes:

1. Samples must be diluted to obtain concentrations within the optimum concentration range.

[METCONT-272] V4003C-2 Rev. Date 04/92



2. Standards are to be prepared in the same acid concentrations as the samples being analyzed.

3. The use of background correction is required.

4. The use of halide acids should be avoided.

5. Vanadium is a refactory metal, extra care should be taken that sample is not boiled during
the digestion (vanadium is easily lost).

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectrometry, Furnace -
Direct Aspiration section of this manual.

Use the 10.0, 20.0 and 50.0 ug/L standards for instrument calibration.

~~~ Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should remain
consistent from run to run. If not, necessary troubleshooting must be performed before
continuing (check wavelength, flame head alignment, lamp alignment, etc.)

2. Immediately after the calibration of the instrument, an initial calibration verification (ICV)
standard of 20.0 ug/L and calibration blank (ICB) are to be analyzed. Thereafter, a
continuing calibration verification (CCV) standard of 20.0 ug/L and a calibration blank
(CCB) must be analyzed after every 10 analytical samples or after every 20 burns,
whichever is more frequent. If less than 10 samples are analyzed, a CCV and CCB are still
required. The last samples analyzed in the run are to be a CCV and CCB. These standards

v_. must be within 90-110% of the true value, or the analysis must be stopped, the problem
corrected, the instrument recalibrated, and all samples following the last acceptable CCV
are to be reanalyzed starting with a CCV and CCB.

3. Analyze a standard at, or less than, the contract required detection limit after the init ial
calibration verification and blank.

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate results are
to be within acceptable ranges, or data must be flagged appropriately.
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5. For every sample analyzed, an analytical spike (at the bench) must be run to verify that
standard additions are not required. Criteria for standard additions are:

If the spike recovery is within 85 - 1 \59c, standard additions are not required.

If the spike recovery is outside 85 - 115%, standard additions are required. (See
Furnace Decision Tree for more detail.)

6. An EPA reference sample will be analyzed with each analysis.

Calculations:

1. Calculate using instrument concentration mode, or

2. For method of standard additions calculate usins linear regression.
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Effective: "? - g. - °l I_____

MERCURY DIGESTION LIQUID SAMPLES

Scope and Application: This mercury digestion method is applicable to drinking, surface,
groundwater, domestic, and industrial wastewaters.

Method: Nitric/sulfuric acid digestion

Reference: EPA 1983, Method 245.1
"Statement of Work for Inorganic Analysis", ILM01.0, EPA 1990

Sample Handling: Preserve with concentrated HNC>3 to pH < 2. Analyze within 28 days of
sampling.

Reagents and Apparatus:

1. Water bath set @ 95°C
2. BOD bottles; 300 mL
3. Class A volumetric glassware
4. Instra-analyzed sulfuric acid
5. Instra-analyzed nitric acid
6. Potassium persulfate
7. Potassium permanganate
8. Sodium chloride
9. Hydroxylamine hydrochloride solution
10. Various Class A volumetric pipettes
11. Mercury stock and standard solutions

Reagent Preparation; (Prepare fresh every 6 months, unless otherwise noted.)

1. Sodium chloride-hydroxylamine hydrochloride solution: In a 1000ml volumetric
flask dissolve 120.0 g of sodium chloride and 120.0 g of hydroxylamine hydrochloride
in D.I. water, dilute to 1 liter.

2. • Potassium permanganate (5% solution, w/v): In a 1000ml volumetric flask dissolve
50.0 g of potassium permanganate in D.I. water, dilute to 1 liter.

3. Potassium persulfate (5% solution, w/v): In a 1000ml volumetric flask dissolve 50.0 g
of potassium persulfate in D.I. water, dilute to 1 liter.

4. Intermediate mercury standard (10.0 mg/L): Transfer 1.0 mL stock mercury (1000
mg/L) solution, plus 0.5 mL nitric acid, into a 100 mL volumetric flask and dilute to
the mark with D.I. water. Prepare fresh daily!

5. Working mercury standard (OJ.OO mg/L): Transfer 1.0 mL of the 10.0 mg/L
intermediate standard, plus 0.5 mL nitric acid, into a 100 mL volumetric flask and
dilute to the mark with D.I. water. Prepare fresh daily!
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Notes:

1. The mercury standards are volatile and unstable. Standards must be prepared daily.

2. Because of the toxic nature of mercury vapor, precaution must be taken to avoid
inhalation. Vent the mercury vapor into an exhaust hood or pass the vapor through
an absorbing media.

3. Hydroxylamine sulfate may be used rather than hydroxylamine hydrochJoride.

4. All blanks, standards, and samples must be carried through the digestion procedure.

5. Interferences:

a. Potassium permanganate is added to eliminate interferences from sulfide.
Concentrations as high as 20 mg/L sulfide as sodium sulfide do not interfere.

b. Copper has also been reported to interfere; however, copper concentrations as
high as 10 mg/L have no effect on recovery of mercury from spiked samples.

c. Seawaters, brines, and industrial effluents, high in chlorides, will require
additional potassium permanganate. Care must be taken to ensure that the
same amount of potassium permanganate is added to all samples, blanks, and
standards so total volume remains constant.

Procedure:

All glassware is to be washed with soap and water, rinsed with tap water, acid rinsed
with 10% HNO3, and final rinsed with D.I. water.

Standard Preparation:

1. The standard curve is to consist of the following standards:

Standard Concentration
0.00 ug/L
0.50 ug/L
1.00 ug/L
5.00 ug/L
10.0 ug/L

2. Pipet 0, 0.5, 1.0, 5.0, and 10.0 mL aliquots of 0.10 mg/L working stock mercury
solution to 300 mL BOD bottles.

3. Add D.I. water to bring volume to 100 mL and continue with the digestion
procedure.
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Sample Preparation:

1. Transfer 100 mL, or an aliquot diluted to 100 mL, to a 300 mL BOD bottle.

To Spike: Pipette 1.0 mL of 0.10 mg/L mercury standard into the sample bottle.

Digestion:

1. Add 5 mL cone, sulfuric acid and 2.5 mL cone, nitric acid to each bottle. Mix by
swirling.

2. Add 15 mL potassium permanganate solution to each bottle, mix by swirling. Allow
to stand for at least 15 minutes. If the bottle does not remain purple in color,
additional potassium permanganate is required. Equal volumes of potassium
permanganate must be added to all bottles.

3. Add 8 mL of potassium persulfate solution to each bottle and heat for 2 hours in a
water bath maintained at 95°C. Check the bottles periodically throughout the 2
hours to insure the samples remain purple. Add additional potassium
permanganate, if needed, to all bottles in the digestion set.

4. Cool to room temperature.

5. Samples are now ready for analysis using the AA-cold vapor procedure.

Quality Control;

1. Refer to the cold vapor SOP for quality control requirements.

[rff-metcont-222]
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Effective: T

TOTAL MERCURY - AUTOMATED

Scope and Application: This method is applicable to digested drinking, surface,
groundwater, domestic, and industrial wastewaters, soils, and
sediments. All samples must be digested prior to analysis.

Method: Automated Cold Vapor

Reference: EPA 1984, Method 245.1, 245.5
SW846,1982, Method 7471
"Vapor generation Accessory Operation Manual", Varian, 19S4
"Statement of Work for Inorganic Analysis, No. 788", EPA 1989

Detection Limits: 0.20 ug/L

Optimum Range: 0.20-10.0 ug/L

Sample Handling: Samples should be kept capped until just prior to analysis.

Instrument Conditions:

Instrument Mode:
Calibration Mode:
Measurement Mode:
Lamp Position:
Lamp Current (mA):
Slit Width (nm): 0.5
Wavelength (nm): 253.7
Flame:
Sample Introduction:
Delay Time:
Time Constant:
Measurement Time (sec):
Replicates1:
Background Correction:
Air Flow: 0.00
Rinse Rate:
Rinse Time:
Recalibration Rate:
Reslope Rate: 0

Absorbance
Concentration
Integration
1
4 ' '

Air only
Auto Normal
60
0.05
3.0
3
On

1
5.0
0
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Reagents and Apparatus:

1. Varian SpectrAA20
2. Varian VGA-76 (cold vapor generator)
3. Varian PSC-56 (autosampler)
4. Sodium chloride
5. Hydroxylamine hydrochloride
6. Stannous chloride
7. Hydrochloric acid
8. Mercury lamp
9. Tygon tubing
10. Whatman #4 filter paper or equivalent

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.)

1. Hydrochloric acid (20% v/v): Add 100 mL of cone. HC1 to 200 mL D.I. water in a
500 mL volumetric flask, dilute to 500 mL. Prepare in the hood!

2. Stannous chloride (25% w/v): Dissolve 125.0 g stannous chloride in 500 mL of 20%
HCL. Prepare fresh every month.

Sodium chloride-hydroxylamine hydrochloride solution: Dissolve 120.0 g of sodium
chloride and 120.0 g of hydroxylamine hydrochloride in D.I. water, dilute to 1 liter.

Notes:

1. Because of the toxic nature of mercury vapor, precaution must be taken to avoid
inhalation. Vent the mercury vapor into an exhaust hood or pass the vapor through
an absorbing media.

2. A 10% solution of stannous sulfate may be substituted for stannous chloride.

3. Hydroxylamine sulfate may be used rather than hydroxylamine hydrochloride.

4. Interferences:

a. Potassium permanganate is added to eliminate interferences from sulfide.
Concentrations as high as 20 mg/L sulfide as sodium sulfide do not interfere.

b. Copper has also been reported to interfere; however, copper concentrations as
high as 10 mg/L have no effect on recovery of mercury from spiked samples.

c. Seawaters, brines, and industrial effluents, high in chlorides, will require
additional potassium permanganate, during the oxidation step, chlorides are
converted to free chlorine which also absorbs at the same wavelength as
mercury.
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d. Certain volatile organic materials that absorb at this wavelength may also cause
an interference. A preliminary run without reagents can determine if this type
of interference is present.

5. Care must be taken to ensure that free chlorine is absent before the mercury is
reduced and swept into the cell. This may be accomplished by leaving digested
mercury samples uncapped in the hood for approximately 30 minutes after the
addition of the sodium chloride hydroxylamine solution, or allowing a prepared
autosampler tray to stand 10-20 minutes before starting an automated analytical run.

6. If particulates remaining in the digested sample cause obstructions in the
autosampler tubing, samples can be filtered through Whatman #4 filter paper, or its
equivalent, after excess permanganate has been reduced.

Procedure:

For instrument set-up procedures, refer to the Atomic Absorption Spectrometry,
Flame section of this manual.

For concentration mode, use 0.5, 1.0, 5.0 and 10.0 ug/L standards to calibrate the
instrument.

A Cold Vapor System Set-up:

1. Insert quartz cell in burner chamber. (Attaches to the air/acetylene burner
head.)

2. Visually align cell, checking light path with a white card or paper.

3. Select "Optimization" page and adjust cell for maximum signal.

4. Replace pump tubing on vapor generator.

5. Fill reagent bottles with D.I. water and 25% SnCl (stannous chloride) solution
as labelled.

B. Sample Analysis:

1. Prior to analysis, add 6 mL of the sodium chloride-hydroxylamine solution to
each bottle to reduce the excess permanganate. Additional sodium chloride-
hydroxylamine may be needed to discharge the purple color; equal volumes
must be added to all bottles in the digestion set.

2. Pour approximately 12 mL of samples, standards, and blanks into sample tubes
and arrange on the autosampler.

3. Turn on argon supply (46 psi recommended).

4. Turn on autosampler power.

[INORGCNT-225] HGA1C-3



5. Turn on vapor generator power (peristaltic pump will run continuously while
power is on. Check reagent levels periodically during long runs).

6. Allow pump to operate for 3 to 4 minutes to stabilize flow rates.

7. Start automatic run.

8. Run will stop automatically after it is completed. Press "stop" to release
computer.

9. Pull tubing ends out of reagents and let pump empty the lines. Power off
pump and release pump tubing. Turn off argon supply.

10. Power off autosampler, printer and AA if done with analyses for the day.

Quality Control:

1. Establish a standard curve with the standards listed above plus a blank. Record the
absorbance check standard in the absorbance check book. The absorbances should
remain consistent from run to run. If not, necessary troubleshooting must be
performed before continuing (check wavelength, tubing, lamp alignment, pump, etc.)

2. A quality control calibration check standard of 5.0 ug/L and a blank are to be
analyzed initially and, at a minimum, after every 10 samples. If less than 10 samples
are analyzed, a check standard and a blank are still required. The last samples
analyzed in the run are to be the check standard and blank. These standards must be
within acceptable ranges (80-120%) or the samples run after the last acceptable
check standard are to be reanalyzed.

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate
results are to be within acceptable ranges or the data will be flagged appropriately.

4. An EPA or ERA reference standard will be analyzed with each analytical run. The
reference standard must be within acceptable limits (80-120% of the true value)
before any samples are analyzed.

Calculation;

1. Calculate using the instrument concentration mode, or

2. For method of standard additions, use linear regression.

[rff-metcont-225]
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AUTOANALYZER

Scope and Application: Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent
carry over and cross contamination. The autoanalyzer
is generally more sensitive and accurate than the
manual wet-chemistry techniques.

Method: Flow injection

References: Lachat Instruments, 1986.
Sample Handling: See separate SOP's for requirements.

Reagents and Apparatus:
1. Lachat 3-channel autoanalyzer
2. Stock and standard ion solutions
3. Class A volumetric flasks
4. Class A volumetric pipets
5. Milli-Q water
6. Required interference filters
7. Disposable 4 ml cups
8. Automatic sampler
9. Proportioning pump

10. Injection module
11. Colorimeters
12. Manifolds
13. Columns - if needed
14. Helium gas
15. Computer
16. Printer

Procedure:
A. Instrument Set-Up

1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the
printer.

2. Depress red power switch on rear power strip on Lachat system.

3. Select manifold and make appropriate hydraulic connections.

Hydraulic connections:
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a. Use correct sample loop length to connect. Lines 1, 4.

b. Line 2 is carrier line.

c. Line 3 goes to manifold.

d. Line 5 goes to waste container.

e. Line 6 comes from sample probe.
f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
tubing cartridges into place.
4. Insert correct filter.

5. Pump Mi l l i - Q water through lines for 5 minutes by depressing the
pump ON button. Check for leaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

7. Put lines into reagents and/or degassed Milli-Q water.
8. Computer - Select "Load/Stop Background Method" on the master menu.

Press <enter>.
9. Select appropriate method. Press <enter>.

10. Printer should be set at FONT 0.

11. Pump reagents until a steady baseline is achieved.
12. When using a method with a column (SOi or N03), the column may be

inserted at this point. See method SOP's for more details.

13. For each analytical channel, adjust zero knob so that the baseline
is near the bottom of the screen (between .000 - .030).

14. Adjust gain while injecting top standard.

a. Place autosampler probe into the highest standard bottle.

b. After 20-30 seconds, press cycle button on front panel so that
LED light is red. This is the load position.

c. After 25 seconds (or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject
position.
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d. Adjust gain knob on detector so that peak reading on the
colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.

f. Wipe probe and replace the autosampler probe into the sampler.

15. Select menu item by going into foreground. (Press and hold Alt
key, then press Esc key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

c. Enter tray ID and operator. Check "Display Standards Position
_ iin Tray" to insure the tray is set-up properly.

- d. Select "Enter Sample ID's". Press <enter>.
e. Type in sample information. Check standards will automatically

be placed in the tray information portion.

f. Press Esc once to return to menu.

16. Put tray with samples in appropriate cup locations on autosampler.
Position try to the cup containing standard A (usually #35 or so).
Select "Start Analysis." Press <enter>.

17. The second screen will ask if the tray has standards or not. If
you standardized the first tray of the run and all the check
standards are within QC ranges, recalibration for the next tray is
not necessary. Select appropriate option. Press <enter>.

18. Press Alt, Esc keys together, to get back to background to view the
v calibration peaks.

After calibration is complete:

go into the foreground (Press Alt, Esc keys)
select "display calibration graph" (Press <enter>)
review the data

return to the background (Press Alt, Esc keys)
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- press "G" for good calibration. Analysis will continue.
- press "R" for re-calibration. Remember to refill standard

cups and reposition sample tray before pressing "R"!

B. Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)?" Press "Yes". Press Esc key to return to main menu.

2. If column is used, stop the pump and disconnect from manifold.

3. Pull lines from reagents into a wash beaker of D.I..

4. Pump D.I. through lines for 2-5 minutes.
5. Pump air through lines until manifold is dry.

6. Turn off pump.

7. Release tubing cartridges and lower tension levers. Release
tubing.

8. Turn off main switch on rear power strip.

9. Empty and rinse waste containers, if necessary.

10. Perform back-up on current data files, once a week. (See
Section C)

11. Turn off the computer and printer.

C. Backinq-up the Data Files

1. Exit to DOS

2. At C> Type: cd\fialab\data Press <enter>

3. At C> Type: copy *.rpt a: Press <enter>
After everything is copied - remove disc.

4. At C> Type: del *.* Press <enter>

5. Are you sure (Y/N)? Type: Y Press <enter>

6. At C> Type: cd\ Press <enter>

7. Turn off the red switch on the computer power strip to turn off the
computer, printer and screen.

[C-AA-A]
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D. Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
a nigh degree of confidence in the determined sample values. See
Figure 1.
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Problem:

Negative peak

Reproduceable dip when valve
switches (before peak)

Odd looking peaks

Shifting baseline

Peak too early/late

Cause:

1. Contaminated carrier
2. Bad or no 804 column or sample

extremely high in hardness
3. Samples high in oxidizing agents

1. Bad color reagent
2. Could also be valve turning artifact caused

by a highly colored reagent

1. Index of refraction problem, matrix related
(usually acid or pH buffering)

2. Also method interferences: high hardness
on 864 method, oxidizing samples on
nitrate method

3. Bad reagents

1. Flow problem
2. Precipitate build-up on 864 manifold

tubing

1. Usually flow problem
2. Valve not set to an initial load position

state before starting run
3. Incorrect pump setting or other timing

problem

Peak cut off in window

Reproduceable dip after peak

Small intermittent peaks

1. Reagents exceeded-reagents improperly
prepared

2. Standards incorrectly prepared

1. Bad column

1. Milli-Q or reagents not degassed properly
or adequately

2. Waste line coil not installed (for the
methods which require it)

Three basic areas of troubleshooting:
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing)
2. Chemistry
3. Timing (not usually a problem after initial development)

BLH/rff
[rff-genpol-604]



Effective Date:____________

CYANIDE, TOTAL - DISTILLATION

Scope and Application: This method is applicable to the determination of
cyanide in drinking water, surface water, ground-water, sludges,
soils and industrial wastes.

Methods: Distillation, Automated Colorimetric

Reference: EPA1983, Method 335.2,
SW-846, Method 9012
Standard Methods, 16th Edition, Method 412

Detection Limit 0.005 mg/L

Optimum Range: 0.005 - 0.400 mg/L

s^. Sample Handling Preserve with sodium hydroxide to pH > 12 and refrigerate at 4°C
Analyze samples within 12 days of receipt date.

Reagents and Apparatus:

1. Cyanide reflux distillation apparatus
2. 25 mL and 50 mL graduated cylinders
3. Vacuum pump
4. Heating mantle
5. 250 mL volumetric flasks
6. Sodium hydroxide
7. Sulfuric acid, concentrated
8. Magnesium chloride
9. Deionized water
10. Bismuth nitrate
11. Sulfamic acid

V 12. Acetic acid, .concentrated
13. Sodium thiosulfate-, crystals

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.)

1. Sodium hydroxide (L25N): Dissolve 50.0 g NaOH in D.I. water and dilute to 1 liter in
a volumetric flask. Store in a plastic bottle.

2. Magnesium chloride solution: Dissolve 510.0 gMgCb-6H2O in D.I. water and dilute
to 1 liter. Store in a plastic bottle.

3. Stock cyanide solution (1000 mg/L): Dissolve 0.6275 g KCN and 0.5 g KOH and
dilute to 250 mis with D.I. water in a volumetric flask. Prepare fresh every month.
Caution: Toxic! Refrigerate.

4. Standard cyanide solution (5 mg/L): Pipet 5 mL of stock cyanide solution into 1 L
volumetric flask containing approximately 500 mL D.I. water and 2 mL of ION
NaOH as a preservative. Dilute to volume with DI water. Prepare fresh daily.
Refrigerate.
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5. Bismuth nitrate solution: Dissolve 30.0 g of Bi(NC>3)3 m !00 raL of D.I. water.
While stirring, add 250 mL of concentrated acetic acid. Stir until dissolved. Dilute to
1 liter with D.I. water.

6. Sulfamic acid solution: Dissolve 40.0 g of sulfamic acid in D.I. water. Dilute to 1
liter.

Notes:

1. Caution: Use care in handling of samples with cyanide because of the toxicity. Avoid
skin contact, inhalation, or ingestion. Always have a respirator on when doing this
test

If a sample begins to bump or back up the tube, quickly increase the flow rate, and
turn the heat down (or off) until bumping subsides.

If a sample does boil over, proceed as follows:

Pull inlet tube out
Turn heat off (For your protection, use gloves.)
Put sample and heating mantle into hood
When sample is cool remove from mantle and heat mantle in hood on high until
acid fumes have dissipated.

2. Oxidizing agents, such as chlorine, interfere by decomposing cyanides. If chlorine is
believed to present, put a drop of sample on potassium iodide starch paper. If paper
turns bluish, add a few crystals of sodium thiosulfate (Na2S2C>3) to the sample, mix,
and retest. Continue adding sodium thiosulfate until free from chlorine. Then, add
0.1 g sodium thiosulfate in excess.

3. Sulfides interfere by forming thiocyanate at a high pH. If sulfides are believed to be
present, put a drop of sample on lead acetate test paper treated with acetic acid
buffer solution at ph4. Darkening of paper indicates sulfides. If sulfides are present,
add 50 mL of bismuth nitrate solution after the air rate is set t h rouh the air inlet
tube. Mix for 3 minutes prior to addition

Alternatively, Cd(NC>3)2-4H20, CdCC>3 or PbCC>3 can be added after the distillation,
but prior to color development. Bismuth nitrate added prior to the distillation
process is the preferred choice.

4. Fatty acids, high carbonates, and aldehydes can interfere. Refer to Standard Methods
for troubleshooting.

5. High concentrations of NC>3 and NO2 can give false positive results. If samples
contain high concentrations of NC>3 and/or NO2, add 50 mL of sulfamic acid solution
after the air rate is set through the air inlet tube. Mix for 3 minutes prior to addition
ofH2SO4.

' 6. Do not use bismuth nitrate and sulfamic acid aon the same sapmle. Pretreatment
with both results in poor (bias low) cyanide recovery.
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Procedure:

1. All glassware is to be soap and water washed, tap rinsed, and deionized rinsed prior to
analyses. Bichromate or acetone may also be used to clean the glassware prior to the
soap and water wash.

2. Connect and set up cyanide reflux distillation apparatus as shown in Figure 2.

3. Prepare the 0.100 mg/L cyanide digestion standard as follows:

Add 5 mL of the 5 mg/L cyanide solution to 250 mL of DI water. (Prepare in the
distillation flask.)

4. Pour 250 mL of sample into cyanide distilling flask. If a solid or semi-solid sample is
to be analyzed, use a 1.0 g sample size and add 250 mL of D.I. water to the distilling
flask. (Record the amount of sample used.) Add an additional 250 mL D.I. water for
a total volume of 500 mL in the distillation flask. Add 3-5 boiling chips.

To Spike: Add 5 mL of the 5 mg/L cyanide solution to the 250 mL of sample for a
final concentration of 0.100 mg/L.

5. Using a graduated cylinder, add 50 mL 1.25 N sodium hydroxide to the absorber tube
and connect.

6. Turn on vacuum pump and adjust so that one bubble per second enters the
distillation flask through the air inlet tube.

7. Slowly add 25 mL concentrated sulfuric acid through the air inlet tube. Rinse the
tube with D.I. water and wait for about 2-3 minutes, until the sulfuric acid has been
dispersed into the sample.

8. Using a graduated cylinder, add 20 mL magnesium chloride solution into the air inlet
tube and rinse the tube with D.I. water;

9. Turn heating mantle on to setting of 10 till sample boils (approximatley 15 minutes).
Watch vacuum rate carefully and adjust as necessary maintaining a rate of one bubble
per second. As temperature increases, bubbling increases, and the solution can be
drawn from the absorption tube or blown out the air inlet tube.

10. After sample starts boiling, turn heating mantle down to 6-7. Watch vacuum rate
carefully and adjust as necessary maintaining a rate of one bubble per second.
Reflux for one hour.

11. Turn off heat and continue vacuum for 15 minutes.

12. Remove inlet tubes.

13. Disconnect absorber, DI rinse absorber top into absorbing solution, and shut off
vacuum pump.
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14. Pour solution from absorber tube into a 250 mL volumetric flask. Using D.I. water,
rinse the absorption tube (3 times) and add to the volumetric flask. Dilute to mark
with DI water. Mix by inverting.

15. Distillates are ready for analysis. Proceed with Lachat SOP CNAAHC for the
automated colorimetric step.

Quality Control;

1. The standard curve does not need to be carried through the distillation procedure.

2. A reagent blank is to be analyzed with each set of samples. This blank is to be carried
through the distillation steps as a check for contamination.

3. A quality control distilled check standard of 0.100 mg/L cyanide is to be analyzed with
each set of samples. This standard is to be carried through the entire procedure
including the distillation step.

4. A known reference standard (LCS) is to be analyzed with each set of samples. This
standard is to be carried through the entire procedure including the distillation steps.
This standard must be within 80-120% of the true value and within 95% confidence
limits (if available) or the samples are to be reanalyzed.

5. Duplicate and spike a minimum of 1 put of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate
results are to be within acceptable ranges.

6. Aqueous and solid/semi-solid samples are separate matrices. Duplicates and spikes
are required for each matrix type.

Calculation:

1. Calculate distillate concentration with Lachat QuikChem software, in the
concentration mode, using the IBM XT computer. (Be sure to calculate in any
distillation dilution into the final result.)

ug/LCN = (distillate voIumejnLydistillate concentration.mg/U) x 1000
(sample volume,mL)

rug/kg CN = (distillate volume.mDfdistillate concentration.mg/L)
(sample weight,gm)

[WCCONT-216] CNDISC2-4



' IH
C O O L I N G W A T E R

INLET T U B E

KEATE2-

S C R E W C L A M P
t

_ &
~ ——i „

TO LOW V A C U U M
S O U R C E

- A 3 S O R 3 E R

D I S T I L L I N G F L A S K

FIGURE 2
C Y A N I D E DISTILLATION A P P A R A T U S

CNDISC2-5



Effective Date: '9 - 3-

TOTAL CYANIDE - AUTOANALYZER - (HEATED METHOD)

Scope and Application: This method is applicable to distilled groundwater, drinking water,
wastewater, sediments and soils. All samples must be distilled prior to
analysis with the autoanalyzer. (Refer to SOP # CNDISC.)

Reference: EPA, 1983, Method 335.3
Lachat Instruments, 1990, Method 10-204-00-1-A
Standard Methods, 16th Edition, pages 337-338
SW-846, Method 9012
SOW No. 788 including Rev 2/89 and 6/89

Instrument Detection Limit: 0.005 mg/L

Optimum Range: 0.005 - 0.400 mg/L

^Sample Handling Samples should be capped and refrigerated at 4°C after distillation.
Samples must be analyzed within 3 days after distillation and within 12 days
of receipt date.

Instrument Conditions:

1. Pump speed: 35
2. Cycle period: 50 seconds
3. Load period: 20 seconds
4. Inject period: 15 seconds
5. Inject to start of peak period: 30 seconds
6. Inject to end of peak period: 78 seconds
7. Gain: 420
8. Zero: 350
9. Interference filter: 570mm
10. Sample loop: 150 cm (0.80 mm i.d.)
11. Standards for calibration: 0, 0.010, 0.020, 0.100, 0.200, 0.400 mg/L
12. Water Bath 45 ° C (Position A).

Reagent Preparation; (Prepare fresh every 6 months unless otherwise noted.)

1. Degassed Milli-Q-water - 2 options:

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through 20 L Milli-Q water
for 15-20 minutes. Store in cubitainer.

2. Carrier - 0.25N NaOH: In a 1 L volumetric flask, dissolve 10.0 g NaQH in 900 mL DI
water. Dilute to the mark and invert several times. Filter through 0.45 micron filter
paper. Store in a plastic bottle.
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3. Phosphate buffer - 0.71 M: In a 1 L volumetric flask, dissolve 97.0 g anhydrous
potassium dihydrogen phosphate (potassium phosphate, monobasic, anhydrous,
KH2PO4) in 800 mL degassed MQ water. Add 8.1 mL concentrated (85%)
phosphoric acid. Dilute to the mark with degassed MQ water and invert several
times.

4. Chloramine-T solution: In a 500 ml volumetric dissolve 2.0 g of chloramine-T in
degassed Milli-Q. Dilute to the mark and invert several times. Prepare fresh weekly
and store refrigerated.

5. Pyridine - barbituric acid reagent In the fume hood, place 15.0 g barbituric acid in a
1 L beaker and add 100 mL of degassed MQ water, rinsing down the sides of the
beaker to wet the barbituric acid. Add 75 mL pyridine (C5H5N) while stirring with a
stir bar. Mix until barbituric acid dissolves. Add 15 mL concentrated HC1 and stir.
Transfer to a 1 L volumetric flask, dilute to the mark with degassed MQ water and
invert several times. Refrigerate. Prepare fresh every 2 months.

6. Stock cyanide solution (1000 mg/L): Dissolve 0.6275 g KCN and 0.5 g KOH and
dilute to 250 mL with D.I. water in a volumetric flask. Prepare fresh every month.
Refrigerate. Caution: Toxic!

7. Standard cyanide solution (5.0 mg/L): Pipet 5 mL of stock cyanide solution into 1 L
volumetric flask, add approximately 500 mL DI water. Add 2 mL of ION NaOH as a
preservative and dilute to volume with DI water. Prepare fresh daily. Refrigerate.

8. Cyanide standards: Prepare by pipetting the volumes noted below into 250 mL
volumetric flasks, adding 50 mL of 1.25N NaOH, and diluting to the mark with
degassed MQ water. (The 1.25N NaOH must be added - very important!) Prepare
fresh daily.

Concentration Letter Volume of 5.0 mg/L
of Standard Identifier working standard (ml) Dilute to

0.000 mg/L A OmL 250 mL
0.010 mg/L B 0.5 mL 250 mL
0.020 mg/L C 1.0 mL 250 mL
0.100 mg/L D 5.0 mL 250 mL
0.200 mg/L E 10 mL 250 mL
0.400 mg/L F 20 mL 250 mL

Note: Computer refers to standards by letter.

Notes:

1. This chemistry is temperature sensitive. The heated method reduces or eliminates
sensitivity drift due to temperature changes.

2. Use wasteline coil to help eliminate air spikes.

3. Any sample dilutions must be diluted with 0.25N NaOH, not water. You may use the
carrier or the zero standard for this.
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4. Interferences are reduced or eliminated by the distillation procedure. Cyanide
analyses suffer from many interferences. See EPA and Standard Methods references
for detailed discussion. Information and recommendations for the manual pyridine-
barbituric acid color development also apply to this automated method.

5. Samples must be diluted to obtain concentrations within the optimum working range.

6. The gain and zero settings are guidelines and must be optimized each day.

7. Color is an interference, dilute the sample and also manually spike the dilution to
confirm the quality of the result.

System Operation:

1. Refer to "Auto Analyzer Operation Start-up Procedure" (IOP# LAAC-Section A).

2. Analyze an initial calibration check standard, a blank, a distilled known reference
standard, a distilled standard and a distilled blank at the beginning of each run. The
blanks must be below the detection limit and the standards must be within required
control limits before any samples are analyzed.

3. Spikes are be distilled at a level of 0.100 mg/L.

4. The calibration check standard is 0.100 mg/L (D).

5. The distilled standard is 0.100 mg/L.

6. If a sample and spike are overrange:

a. Dilute the sample and spike if dilution < 1:5. The distilled spike should be
detectable,

b. Dilute the sample, spike and analyze a manual spike if dilution > 1:5.

7. Refer to Auto Analyzer shut-down procedure. (IOP# LAAC-Section B).

-Quality Control:

1. Establish a standard curve with the standards listed above. The derived
concentradons for each calibration standard must read within 10% of the true value.
The derived value for the blank must be less than the method detecdon limit.

2. A quality control calibration check standard of 0.100 mg/L (D) and a blank are to be
analyzed initially and at a minimum, after every 10 samples. If less than 10 samples
are analyzed, a calibration check standard and blank are still required. The last
samples analyzed in the run are to be the calibration check standard and blank. These
standards must be within the acceptable ranges and blanks must be below the method
detecdon limit or the samples run after the last acceptable calibration check standard
and blank are to be reanalyzed.
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3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are
to be within acceptable ranges or data must be flagged appropriately. (These samples
must be carried through the distillation step.)

Calculations:

1. Calculate with Lachat QuikChem software, in the concentration mode, using the IBM
XT computer. Be sure to calculate any digestion dilution into the final resuTt.
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'7~ Enseco —i
A Co

Enseco - Air Toxics Laboratory
18501 East Gale Avenue. Suite 130

City of Indus t rv , CA 9174S-1321
(S1S)"965-1C06 • FAX (SIS) 9o5-1003

Enseco Proprietary Information Statement:

These documents have been prepared by and remain the sole
property of Ensaco, Inc. They are submitted to Warzyn, Inc.
solely for its use in evaluating Enseco's qualifications in
connection with the particular project, certification or '
approval for which they were prepared, and are to be held
proprietary to Enseco.

The user agrees by its acceptance or use of these documents
to return them upon Enseco's request, and not to reproduce,
copy, lend or otherwise disclose or dispose of the contents,
directly or indirectly, and not to use them for any purpose
other than that for which consultants or ethers outside of
user's organization are involved in the evaluation process,
access to these documents shall not be given to those parties,
unless those parties also specifically agree to the conditions
stated above.

********************

The above statement relates to the following
attached confidential Enseco documents:

SOP NO. CRL-LM-7001
"The Determination of Volatile Organics (VOCs)

in Ambient Air by GC/MS - Scan Mode"



STANDARD
OPERATING
PROCEDURE

Subject or Title: Page 1 of 22
The Determination of Volatile Organics (VOCS)

in Ambient Air by GC/MS - Scan Mode

SOP NO: • Revision No.: 2.0 Effective Date:
CRL-LM-7001 March 1, 1990

Supercedes: Revision 1.0

1. Scope and Application

1.1 Analytes (See Table 1)

1.2 Detection limit (See Table 1)

1.3 Applicable matrices - air

1.4 Dynamic range (Sec Table 1)

1.5 Approximate analytical time

4 min. - cool down of cryo trap
2 min. - flush of inlet system on trap
10 min. - collection of 500 mL "sample on trap
2 min. - flush of inlet system with internal std.
2 min. — collection of 100 m!L of internal std on trap
2 min. - flush of trap with HP Helium
32 min. - GC run time

When running multiple sampler, steps can be overlapped
to reduce run time to 40 min.

Prepared by: Steve Karris Date:

'
Management /A/pprpval,tf/ Date

// .
QA Officer Approval: Date



STANDARD
OPERATING
PROCEDURE

Page 2 of _ 22_
The Determination of Volatile Organica (VOCa)

SOP

in Ambient Air by

NO:

GC/MS - Scan Mode

Revision No.: 2.0
CRL-LM-7001

TADLE 1 . VOC Target Compounds

Effective Date:
March 1, 1990

Detection Limits Dynamic

2}
3)
4)

5}
6)
7)
8)
9)
10)
11)

12)
14)
15)
16)
17)
10)
19>
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)

Compound

Dichlorodif luoromethane (Freon 12)
Chloromc thane
1,2-Dichloro-l, 1, 2,2-
tetraf luoroethane (Freon 114)

Vinyl chloride
Bromomethane
Chloroethano
Trichlorof luoromethano (11)
ciB-l,2-Dichloroethene
Carbon disulfide
1,1,2-Trichloro- 1,2,2-

trif luoroothane (Freon 113)
Acetone
Methylene chloride
trana-1, 2-Dichloroethene
Ilexane
1 , 1-Dichloroethane
Vinyl Acetate
1 , 1-Dichloroethene
2-Butanone
Chloroform
1, 1, 1-Trichloroethane
Carbon totrachloride
Benzene
1 , 2-Dlchloroethane
Trichloroethene
1 , 2-Dichloropropane
1, 4-Dioxane
Bromodichloromethane
cia-1, 3-Dichloropropene
4-Methyl-2-pentanone ,
Toluene
trano-1, 3-Dichloropropene
1,1, 2-Trichloroethane
Tetrachloroethene
2-Hexanone
Dibromochlorome thane
1,2-Dibromoethane .
Chlorobenzene
Ethylbenzene
1,4-and l,3-(p,m) Xylene

R.T.

1.49
2. 40

2.52
2.06
3.50
3.93
4.54
5.63
5.63

5.07
6.10
6.09
7.36
7.90
0.22
0.71
9.43
9.60

10.27
10.27
10.53
11.00
11.19
12.44
12.07
13.34
13.68
14.61
15.14
15.16
16.00
16.34
16.20
17.10
17.06
17.00
10.20
in. 73
19.04

MDL (ppbv)

0.07
1.2

1.0
1.2
1.5
2.5
0.55
0.04

' 6.2

0.96
6.6
1.9
1.9
4.0
1.2
1.3
1.1
1.4
1.1
0.45
O.55
1.6
0.53
1.2
3.9
3.5
0.90
1.5
1.6
1.5
1.6
1.4
1.4
3.0
1.4
1.0
1.3
1.3
2.G

Range (ppbv)

0.07-300
1.2-300

1.0-300
1.2-300
1.5-300
2.5-300
0.55-300
0.04-300
6.2-1200

0.96-300
6.6-300
1.9-300
1.9-300
4.0-300
1.2-300
1.3-300
1.1-300
1.4-300
1.1-300
0.45-300
0.55-300
1.6-300
0.53-300
1.2-300
3.9-300
3.5-300
0.90-300
1.5-300
1.6-300
1.5-300
1.6-300
1.4-300
1.4-300
3.0-300
1.4-300
1.0-300
1.3-300
1.3-300
2.6-600
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PROCEDURE

Pago 3 of _22_
The Determination ol' Volatile Organica (VOCa)

in Ambient t.Lr by GC/MS - Scan Mode

SOP NO: Reviaion No.: 2.0 Effective Date:
CRL-LM-7001 March 1, 1990

TABLE 1. VOC Target Compounds
(Continued)

Detection Limits Dynamic
Compound R.T. MDL (ppbv) Range

42) l,2-(ortho) Xylene 19.9-1 l.l 1.1-300
43) Styrene 20.02 3.5 3.5-300
44) Dromoform 20.37 1.0 1.0-300
45) 1,1,2,2-Tetrachloroethane 21.99 1.9 1.9-3C
46) Benzyl chloride 21.90 1.0 1.0-30v/

47) 4-Ethyltoluene 22.31 2.0 2.0-300
40) 1,3,5-Trimethylbenzene 22.40 1.3 1.3-300
49) 1,2,4-Trimethylbenzcne 23.37 ' 1.5 1.5-300
50) 1,3-Dlchlorobenzene 23.04 1.7 1.7-300
51) 1,4-Dichlorobenzene 24.13 2.2 2.2-300
52) 1,2-Dichlorobenzene 24.97 2.4 2.4-300
53) 1,2,4-Trichlorobenzeno 29.20 3.6 3.6-300
54) Hexachlorobutadieno 29.93 2.4 2.4-300
2. Summary of Method

2.1 A presaurized air sample La metered through a mass flow controller
onto a cryogenically cooled trap. After !iOO mL of the oample hao
been trapped, a valve io switched and tho trap la heated to purge the
trap's contentu onto the gas chromatography column. The target
compounds are analyzed with a mass spectrometer operated in the scan
mode.

3. Commentn ---

3.1 Interferences

3.1.1 Gas regulators are cleaned by the manufacturer using Freon
113, which is one of the target compounds. Before using ultra
high purity (UIIP) Nitrogen (Nj), Hydrocarbon (HC) free air,
Internal Standard (I.S.), or a target compound standard mix,
each regulator should be purged a minimum of three timeo with
the appropriate gaa.

3.1.2 Contamination may ocrcur in the sampling system if canisters
are not properly cleaned prior to use. Canisters used to
collect uource samples should not be used for the collection
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of ambient air samples until a blank analyaia indicated that no target
compoundo are preoent above the MUL. All other uampling equipment including
pumps, flow controllers and filteru must be thoroughly cleaned to ensure that
the filling apparatus will not contaminate samples.

3.2 Helpful Hintu

None

4. Safety Issues

4.1 In order to prevent contamination of the lab air by the samples, the
vent lino must be connected •£•£> the system outlet and the fume hood
muut be on.

4.2 While making standards, t*vj fume hood niuut be running. When finished
valves muut be closed and .lineo vented.

4.3 All compressed gao cylinders must be securely fastened to a bench or
wall.

4.4 Normal precautions should be used in the handling of liquid nitrogen
(LNj) (do not touch transfer lines as burns can result).

4.5 Sampling canisters should never be preoaurized over 40 paig.

5. Sample Collection, Preservation, Containers and Holding Times

5.1 Samples should be collected in precleaned and batch analyzed SUMHA
passivated canisters. A 7 n.icron filter should be placed on the
inlet of the can to protest the valve from particulates. Canisters
should never be presuurizad over 40 psig.

5.2 The absolute pressure of r.ho canister must bo recorded before and
after sample collection.

5.3 Samples must bo kept at <25°C.

5.4 Samples should be analyzed within 14 days of collection.

6. Apparatus and Materials

6.1 Cao chromatograph - capable of subambient temperature programming for
the oven and with the jot ucparator option (Hewlett Packard 5090).

6.2 Maos-oelectIve detector - equipped with computer and appropriate
software (Hewlett Packard 1.970U with HP-1000 RTE-A data system).
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6.3 Cryogenic trap with temperature control aaoembly (Nutech 8533).
See Figure 1.

6.4 Electronic maso flow controller - for maintaining constant sample
flow (Unit Inotrumento)

6.5 Chromatographic grade otaiuleuu oteol tubing and otainleoo oteel
plumbing fittingi3.

6.6 Chromatographic column - 011-624 0.53 ID, 30 meter length (JGW
Scientific).

6.7 Stainleso oteel vacuuin/prear"ire gauge capable of moaouring from 30"
of mercury (Hq> to 40 pni.g. (Span Instruments)

6.8 High preciaion vacuum gaurio - for making daily atandardo. (Wallace &
Tiernan Pennwalt)

6.9 Pressure regulatoro for carrier gaa and otandardo - 2 otago,
atalnleao steel diagram.

6.10 SUMMA pasoivated caniotera 6 L (Scientific Inatrumentation
Specialioto)

6.11 7 micron filters (Nupro), or equivalent.

Reagents and Standards

7.1 4-bromofluorobenzene, 50 ng/mL in methanol (for tuning of mass
spectrometer).

7.2 High purity helium for carrier gas.

7.3 Standards at a nominal concentration of 1 ppmv (CSj is not as stable
and so the concentration Ls S ppmv). Standards are prepared in a
balance gas of nitrogen n.nd are analytically certified by the
supplier (Scott-Marrin an.1 Scott Specialty). To facilitate
certification by vendor, che standards were divided into 5 cylinders.
(See Tables 2-7.)

7.4 Internal standard mix of bromochloromethane, 1,4-difluorobenzene,
and chlorobenzane-dS at 1000 ug/ml each in methanol (Supolco).
(See Table 6.)
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FIGURE 1. Nutech .1533 Flow Diagram
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TABLE 2. Cylinder No. CC72069

Component

Chloromethane
Dromomethane
Chloroothane
Dichloromethane
trano-1,2-Dichloroothylene
Trichloroethane
1,2-Dichloroethane
1,1,1-Trichloroethane
Totr.ich.l r>rnmo1:hnno
1,2-Dichloropropane
cio-1,3-Dichloropropsi-.e
trans-1, 3-dichloropi:o;.t:ne
Dibromooh lot OHIO Lhano:
Tetrachloroethylene
Ethylbenzcne
p-Xylcne
Styrene
1,1,2,2-Tetrachloroethane
Bromodichloromethane
Trichloroethene
Acetonitrile
Nitrogen

Concentration (v/v)

0.
1.
0.
1.
1.
1.
1.
0.
1.
1.
1.
1.
1.
1.
1.
1 .
1.
1.
1.
0.
1.

90
00
96
00
00
07
10
99
01
00
03%
20
13
14
20
20
25
21
08
82
00

+
+
+
+
+
+
+
+
7
+_
+
+
•r
7
7
+
+
+
+
+
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.06

.05

.05

.06

.06

.06

.06

.05

.05

.05

ppm
ppm
ppin
ppm
ppm
ppm
ppm
ppm
Ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

Balance

TADLE 3. Standard Cylinder No. CC72058

Component Concentration (v/v)

Carbon Diaulfide
Nitrogen

4.06 + 0.1 ppm
Balance
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Vinyl Chloride
1 , 1-Dichloroethene
1, 1-Dichloroethane
2-Butanone
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Cylinder No. CC72063

Concentration (v/v)

1.00 + 0.05 ppm
1.00 + 0.05 ppm
1.06 + 0.05 ppm
1.02 + 0.05 ppm

cio-1, 2-Oichloroet:ione 1.07 + 0.05 ppm
Donzene
4-Methyl-2-pentanono
1 , 1, 2-Trichloroethane
Toluene
2-Hexanonc
Chlorobenzeno
m-Xylene
o-Xylene
1, 2-Dichlorobenzene
Acetone
1 , 4-Dichlorobenzene
Nitrogen

1.07 + 0.05 ppm
1.09 + 0.05 ppm
1.06 + 0.05 ppm
1.00 + 0.05 ppm
1.10 + 0.05 ppm
1.00 + 0.05 ppm
1.11' + 0.05 ppm
1.12 + 0.05 ppm
1.25 + 0.05 ppm
0.99 + 0.05 ppm
1.04 + 0.05 ppm
Balance

TABLE 5. Standard Cylinder No. CC12390

Component Concentration (v/v)

Freon-12
Freon-114
Freon-11
Freon-113
n-IIexano
1,2-Dibromoethane
4-Ethyltoluene
1,3,5-Trimethylbenzene
1,2, 4-Trimethylben::ene
Nitrogen

1.015 + 0.05 ppm
0.95 + 0.05 ppm
0.94 +_ 0.05 ppm
0.99 + 0.05 ppm
1.02 Hh 0.05 ppm
0.99
0.09
0.95 _
0.92 ± 0.05 ppm
Balance

+ 0.05 ppm
0.05 ppm

+ 0.05 ppm

TABLE 6. Internal Standard Liquid Mix

Component Concentration (ug/ml)

Bromochloromethane
1,4-Difluorobenzene
Chlorobenzene-d5

1000
1000
1000
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TABLE 7. Standard Cylinder No. ALM 002636

Component

Benzyl chloride
1.3-Dichlorobenzene
1.4-Dioxane
Hexachloro-1,3-butadiene
Bromoform
1,2,4-Trichlorobenzene
Vinyl acetate
Nitrogen

Concentration (v/v)

0.737 ppm
0.768 ppm
0.095 ppm
0.004 ppm
0.04 ppm
0.098 ppm
0.030 ppm

8. Procedure

8.1 Sample Preparation

Q.I.I The preaaure of the oample canioter in checked and recorded by
attaching a vacuuir/oreaaure gauge to the top valve of the
canister (the gauge should be rinaed for few eecondo with HC
free air by phyoically holding against the air outlet and
flushing). The canister valve is opened briefly and the
preooure io recorded. If the pressure is leoo than 10 poig,
proaourize the caniotor to 10 poig with IIC free air.

8.1.2 If the canister pressure is increaaed, a dilution factor (DF)
ia calculated and recorded.

DF =
Y.

X.
Where: X. = absolute canister pressure absolute before dilution

Y. = absolute caniuter pressure absolute after dilution

8.2 Daily GC/MS Tuning

0.2.1 At the beginning of each day or prior to a calibration, the
CC/MS system must be tuned to verify that acceptable
performance criteria are achieved. If any of the key ions
fail the abundance criteria listed in Table 0, the system must
be retuned using 4--Ilromof luorobenzene (BFB) .
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0.2.2 For daily tuning, thti relays on the Nutech controller
(aee Figure 1) ohoulcl be in the right hand position, with
the cryo trap at 150°C (alternatively valves 2 and 6 could
bo placed in the laft. hand pooition with the auxiliary He
flow aet at 10 ml/.nLn or greater). The GC program ia
initiated by uaing the Datac command in file manager (FHGR)
The GC program is named "GCOFD1." This downloada the
program from the data system to the GC. Once the oven haa
stabilized, the remote start light will turn on and the
system is ready for injection.

1 uL of a 50 ng/uL -1-bromofluorobenzono (DFD) standard ia
injected into injection port 2 of the Nutech 0533 and the
remote atart button ia activated.

TABLE 8. 4-Bromofluorobenzeno Key lona and Ion Abundance Criteria

Maaa Ion Abundance Criteria

50
75
95
96
173
17-1
175
176
177

15 to 40% of maoa 95
30 to 60% of mass 95
Dane Peak, 100% Relative Abundance
5 to 9% of masa 95
<2% o:? maao 174
>50% of masa 96
5 to 9% of maaa 174
>95% but <101% of maaa 174
5 to 9'i of maas 176

0.2.3 Once the tuning run i.o complete (~ 0 minutes), review a acan
clooe to the center of the DFH peak. If it looks cloae to
passing, type in the command TRF, TUNVOA, data file. This
will etart a program that will find a scan that will paaa the
tuning and print out the required information automatically.
If the DFD tuning criteria cannot be met on 2-3 injections,
retuning the inotrument with PFTHA may be required.
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TABLE 9. BFD Tuning Method

Enter the name of the method file: CCBFB1

M E T H O D F I L E

CCDFB1

L I S T

Method file:

Temperature:

GC/DIP

GC type: 5890
Column: Cap

Inj.P
90.0

I.ntfc
250.0

LEVEL A LEVEL B

Run type: SCAN, GC, El
Splitleas: Yea

Source
0.0

-̂ -x
POST RUN

Temp 1
Time 1
Rate
Temp 2
Time 2

30.0
1.0
35.0
100.0
15.0

100.0
15.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

o.o
0.0

Oven equilibration Time .10 min

Run time: 6.00
Scan Start time: 2.50
Splitlees valve time: .00

ON OFF ON

Relay II:
Relay 12:
Triac 10:
Triac II:

Scan Parameters: Mass Range 35 to 260
Multiplier voltage: 2244 Number of A/D samples;
GC Peak threshold: 20000 counts
Threshold: 100 counts

OF?

327.0
327.0
327.0
327.0

327.0
327.0
327.0
327.0

327.0
327,0
327.0
327.0

327. C
?""' .0

.0
327.0
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TABLE 10. Analytical Method

Enter the name of the method file: GC:TO14

M E T H O D F I L E L I S T

Method file: GCT014

Temperature:

GC/DIP

Temp 1
Time 1
Rate
Temp 2
Time 2

-50.0
2.0

70.0
-20.0
0.0

Oven equilibration Time

Run time: 32.10
Scan Start time: .10
Splitless valve time: 0.00

CC typi2: 5090
Column: Cap

Inj.P Intfc
90.0 ::50.0

LEVEL A

-20.0
0.0
5.0

127.0
20.0

.10 inin

LEVEL D

127.0
20.0
0.0
0.0
0.0

Relay 111
Relay 12:
Triac 10:
Triac II:

Scan Parametero:

ON

327.0
327.0
327.0
327.0

OFF

327.0
327.0
327.0
327.0

Run type: SCAN, GC, El
Splitleaa: Yea

Source
0.0

POST RUN

0.0
0.0

ON

327.0
327.0
327.0
327.0

OF?

327.0
327.0
327.0
327.0

Maoo Range 35 to 260
Multiplier voltage: 2244 Number of A/D samples:
GC Peak threshold: 20000 counts
Threshold: 10 counts

8.3 Calibration

0.3.1 A static dilution of the stock standard gas mixtures is made
in a 6 liter canister. The high precision vacuum gauge ia
flushed with HC frue air and attached to the top valve of a
clean, evacuated canister. After recording the absolute
pressure, 2 psi of each of the 5 standard mixtures is added to
the canister (each regulator and the transfer line must be
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flushed oeveral times before transfer of standard to the
canioter) . Close the canister valves and replace the high
precision gauge with a vacuum/pressure gauge. Pressurize the
can with HC free air to 30 puig. This will yield a standard
with a nominal concentration of 44 ppbv for moat compounds
(see Table 11) .

8.3.2 An initial 5 point curve is run in the linear working
range of the syste.n. The nominal concentration of the
5 standards will ba 10 ppbv, 67 ppbv, 90 ppbv, 224 ppbv
and 207 ppbv.

^-S
0.3.3 On a daily basis, a one point midrange standard (500 ml of

44 ppbv) is run to verify the $ point curve. 90% of the f"<̂
target compounds munt. be within 3O'k o'f the S point curve, «''
or a new § point mjot. be run. The daily, one point check
standard is used to calculate the concentration of the
samples .

0.3.4 After the calibration runa and the QA/QC sample runo, an HC
free air blank is run. This must be < the MDL for each target
compound.

0.4 Analysis

0.4.1 The daily check standard and tho QA/QC samples are analyzed
the same as samples. The IIC free air blank io a syotem blank
and differs only in that it ia not transferred to a canister,
but run directly from the cylinder regulator to the sample
inlet system.

0.4.2 The sample canister is connected to the sample inlet
The Nutech controller uhould have valves 2 and 6 in the left
hand position, while valves 1 and 3-5 should be in the right
hand position. The auxiliary He flow should be set at 40 ml/
minute. The canister valve ia opened and the pressurized
sample is allowed to flow through the maso flow controller
(set at 50 ml/min) and out the vent line.

0.4.3 The cryogenic trap ie cooled to its lower set point of -170° C.
When the cryo trap reaches -170° C, the Nutech valve 12 is
switched to the riQht hand position and a timer is started.
After IO minuteo (500 mL) valve 12 io switched back to tho
left hand position. Thus 500 ml of blank, standard or sample
ia concentrated on the cryo trap.
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0.4.4 The valve on the carr.ple canister ia closed and the remaining line
pressure is allowed to drop to ambient. The 3-way valve is then
switched to the internal standard canister and the I.S. canister
valve is opened and allowed to flush for at least 2 minutes. (The
internal standard is made by injecting 20 ul of the liquid mix intt
an evacuated canister and pressurizing to 30 pai(44.6 psia). Valve
is then switched to the right hand position and a timer is started
After 2 minutes, Valve 2 is switched back to the left hand posltio.
Thus 100 ml of 200 ppbv nominal internal standard mix is injected i
the cryotrap with each blank, standard or sample.

0.4.5 The GC is cooled to its' initial set point of -50°C by using
Datac in file manager. The name of the CC program is
"GCTOl'l." This takes about 2.5 minutes. During this time
valveo 2 and 6 remain in the left hand position, allowing He
to sweep the trap and remove moat oxygen, nitrogen and other
permanent gases.

0.4.6 When the CC has reached equilibrium the red remote start light
will turn on. Switch valve J6 to the right hand position.
Wait at leaut 10 seconds to allow flow through the trap to
equilibrate. The blue "cool" button on the Nutech controller
and remote otart button should bo pressed simultaneously.
This will heat the cryo trap to 150°C and start the GC
program.

9. Data Interpretation

9.1 Qualitative Analyses

9.1.1. An analyte (e.g., those listed in Table 1) is identified
by comparison of the sample mass opectrum with the mass
spectrum of a standard of the suspected compound (standard
reference spectrum). Mass spectra for standard reference
should be obtained on the user's GC/MS within the same
12 hours as the sample analysis. These standard reference
spectra may be obtained through analysis of the calibration
standards. Two criteria must be satisfied to verify
identification. (1) elution of sample component at the
same GC relative rstention time (RRT) as those of the
standard component; and (2) correspondence of the sample
component and the standard component mass spectrum.
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9.1.1.1 The sample component RUT muet compare within
+0.06 RRT unito of tho RRT of tho standard
component. For reference, the otandard must be
run within the oame 12 houro as the oample. If
coelution of interfering components prohibits
accurate assignment of the sample component RRT
from tine total ion chromatogram, the RRT should
be assigned by uoing extracted ion current
profiloo for iono unique" to the component of
intereut.

9.1.1.2 (1) All ions present in the otandard mass
upectra at a relative intensity greater than
10% (most abundant ion in the opectrum equals
1001) muEit be present in the sample spectrum.
(2) The relative intensities of ions
specified in (1) must agree within plus or
minus 20% between the otandard and sample
spectra. (Example: For an ion with an
abundance of 50% in the standard spectra,
the correspondin sample abundance must be
must be between 30 and 70 percent.

9.1.2 For samples containing components not associated with
the calibration standards, a library search may be
made for the purpose of tentative identification. The
necessity to perform this type of identification will
be determined by the type of analyses being conducted.
Guidelines for making tentative identification are:

(1) Relative intenoitieo of major ions in tho reference
spectrum (ions >10% of tho moot abundant ion) should be
present in the uample opectrum.

(2) The relative intensities of the major ions should
agree within + 20%. (Example: For an ion with an
abundance of 50% in the standard spectrum, the
corresponding sample ion abundance must be between 30
and 70%).

(3) Molecular ionn present in the reference opectrum
should be present i.n the sample spectrum.
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(4) lono present in the sample spectrum but not in
the reference opectrum should be reviewed for possible
background contamination or preoence of coeluting
compounds.

(5) lono present Ln the reference spectrum but not in
the sample upectrum should be reviewed for possible
subtraction from the sample opectrum because of back-
ground contamination or coeluting peaks. Data syotem
library reduction programs can sometimes create these
discrepancies.

Computer generated library search routines should not
use normalization routines that would<misrepresent the
library or unknown spectra when compared to each other.
Only after visual comparison of sample with the nearest
library searches will the mass spectral interpretation
specialist assign a tentative identification.

9.2 Quantitative Analysis:

When a compound has been identified, the quantification of
that compound will be based on the integrated abundance from
the EICP of tho primary charateriutic ion. Quantification
will take place using the internal standard technique.
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10. QA/QC Requirements

10.1 The mass spectrometer must meet the tuning criteria deacribed in
Section 0.2.

k'
"

10.2 After tuning, a oingle point check otandard muot be analyzed. Ninety
percent of the target compound concentrations must be within +_ 30* of
the bht'uu point calibration curve. If the check standard fails to

.. meet thio criterion, a ne/v trhTETI point calibration curve must bo run.
\ ***'10.3 A laboratory control sample (LCS) muot be analyzed after the check

standard. This sample will conaiot of the target VOCa prepared in t
separate canioter at a concentration that differo from that of the s~"
check otandard. Five compounds will be used to aoseoo control for
the LCS: methylene chloride, 1 , 1-dichloroethene, trichloroethene,
toluene and 1, 1,2,2-tetra^hloroethane. The percent recovery for the
five control compoundo muat: be within a window of 00-115%.

10.4 For each lot of 20 oampleu analyzed, a duplicate control sample (DCS)
must be analyzed after th-3 LCS. The DCS uample is Identical to the
LCS in compooition and sojirce. The 00-115% recovery criterion must
be met. In addition, the relative percent difference (RPD) for the
LCS and DCS muat be < 20%.

10.5 A oystem blank of IIC free air muat be analyzed after the LCS or DCS.
The blank reoultn must indicate that there are no target compounds
present above the MDL.

10.6 if any of the above crito; La are not met, corrective actions must be
implemented before analyoea can proceed.

11. Calculations

11.1 The HP data system automatically quantitates the sample results based
on a 500 mL sample size. The results are in ppbv. If the canioter
was preasurized before analysis, the resulto must be multiplied by
the dilution factor DF (see Section 0.1.2).

11.2 If a sample size other than 500 mL was uood, the result muot be
adjusted as shown below:

result ppbv x sample volume injected
500 mL
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12. Reporting

12.1 Reporting units are ppbv. If results are to be reported in ng/L
use the following equation:

reault ppbv x Molecular weight of compound = ng/L

24.5

Note: 24.5 is the standard volume of ideal gas at 25 degrees
Centigrade and 1 atm.

12.2 Reporting limits
See Table 12

12.3 Significant figures
12.3.1 All reaulto should be reported to two significant figures.
12.3.2 Only report results below detection limit aa ND(DL).

12.4 No conversion of the analytical results to the standard
conditiono is made.

13. References

13.1 Method Source
MEPA Compendium Method TO-14. The Determination of Volatile Organic
Compounds (VOCs) in Ambient Air using SUMMA Passivated Canister
Sampling and Gao Chromator>'-aphic Analysis."

13.2 Deviations from Method

13.2.1 Dry HC free air is used for the daily blank and for
dilution purposes.

13.2.2 TO-14 recommends the use of a .32 nun column coupled directly
to the MSD. With the IIP system, the MSD can only handle flow
of 1 mL/min or less. The .32 mm column provides ~ 3 mL/min.
Knseco uses a .53 mm column through a jet separator.

13.2.3 TO-14 describes an inlet system that uses a vacuum to pull a
slip stream sample through the trap. Enoeco uses the pressure
of the sample caninter to drive the sample through the trap.
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The Determination of Volatile Organica (VOCa)

In Ambient Air by GO/MS - Scan Modo

SOP NO: Revision No.: 2.0 Effective Date:
CRL-LM-7001 March 1, 1990

TABLE 11. Concentration of Daily Check Standard

Concentration
Compound (ppbv)

42) l,2-(ortho) Xylene 50.12
43) Styrene 55.92
44) Dromoform 37.50
45) 1,1,2,2-Tetrachloroethane 55.48
46) Benzyl chloride 32.98
47) 4-Ethyltoluene 39.82 ^̂
48) 1,3,5-Trimethylbenzene 42.50
49) 1,2,4-TrimethyIbenzene 41.16
50) 1,3-Dichlorobenzene 34.36
51) 1,4-Dichlorobenzene ' 46.54
52) 1,2-Dichlorobenzene 55.92
53) 1,2,4-Trlchlorobenzene 40.18
54) Hexachlorobutadiene 35.90
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The Determination of Volatile* Organlca (VOCo)

In Ambiont Air hy OC/M3 - Boan Hodu

SOP NO: Revision No.: 2.0 Effective Date:
CRL-LM-7001 March 1, 1990

Table 12. VOC Reporting Limito

Roporting Limito
Compound (ppbv)

2) Dichlorodlf luorometlianii (Kreou 11') 2.0
3) Chloromothano '2 . 'J
4) 1,2-Uichloro-l,1,2,2-

te traf luoroethano (Freon 114) 2.0
5) Vinyl chloride 2.5
6) llromoethano 3.0
7) Cl<loroot)»anQ 'j. 0
U) Trichlorofluoromothane (11) 1.0
0) 'cia-l ,2-nichloroul:hciuj ' I'.O

10) Carbon diaul f ide 10
11) 1,1,2-Tricliloro- 1,2,2-

trifluoroothano (Kreon 113) 2.0
12) Acetone 10
11) Mothylene chlorldo f.. 0
15) tranu-l,2-Dlchloroetl»ene 4.0
16) Uexano 0.0
17) 1,1-Dichloroethane 2. lj
10) Vinyl Acetate 2.5
19) 1, 1-Dichloroothcne I'.O
20) 2-lUitanono 3. ()
21) Chloroform /J . 0
22) 1,1,1-Trtchloroethano 2.0
23) Carbon tetrachloride 2.0
24) Uenzono 3.O
25) .1,2-nlchloroel:h.-uio 2.O
26) Trichloroothoiui ^.S
27) 1,2-Dichloropropano II.U
20) 1,4-Dioxano 7.0
29) Bromodlchloromethane 2.0
30) cla-1,3-Dicl>loropropeiie 3.0
31) 4-Methyl-2-pentanone 3 ..6
32) Toluene 3.0
33) tranB-l,3-Dlchloropropene 3.0
34) 1,1,2-Trichloroethane , 3.0
35) Totrachloroethene 3.0
36) 2-llexanono . 5.O
37) DlbromochloromeUhano 3.O
30) 1,2-Dibromoethane 2.0
39) Chlorobonzeno 2.5
40) Ethylbonzene ' 2.5
41) 1,4-and l,3-(p,tn) Xylene 5.0
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in Ambiont Air by CJC/M3 - tlcan Modo

SOP NO: Revision No.: 2.0 Effective Date:
CRL-Lnl7001 March *' 199°

Table 12. VOC Reporting LimitB

Reporting Limito
Compound

42) l,2-(ortho) Xylono 2.0
43) Styrono . V . 0
44) liromoform 2.O
45) 1, 1,2,2-Totrachloroothano 4.0
46) Benzyl chloride 2.0
47) 4-Ethyltolueno 4.0
40) 1, 3, 5-Triinethylbenzune 1' . 5
4'J) 1,2, 4-Tr'imothylbenzeno • J.U
50) 1, 3-Dichlorobun^uno 3.O
51) 1 , 4-Oichlorobonzono • 4.0
52) 1, 2-Uichlorobenzeno S.O
53) 1 , 2 , 4-Trichlorobenxono '/ . 0
54) llexachlorobutad ieno 5 . fi
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CLAY MINERALOGY BY X-RAY DIFFRACTION (CORE)



4.2.2 X-ray Diffraction Standard Operating Procedures

INTRODUCTION

Parameter to be measured
The parameter to be measured in an X-ray diffraction analysis is
accurate mineral content of a selected sample in weight percent.

Range of measurement
Core Laboratories uses a Philips Electronic Instruments Model 3600
Automated Powder Dif fractometer. The sample holder of a Philips
goniometer is connected to a center shaft, called the "Theta Shaft"
and rotates at a prescribed rate which is propelled by a computer-
controlled stepper motor. Each angular increment is described as
theta angle increment. The detector arm is coupled to the theta
shaft in a 2 to 1 fashion. All measurements of a sample are
expressed as "two-theta" measurements. The Philips goniometer has
a working distance of 2 degrees two-theta to 140 degrees two-theta.

The scope of phases measured includes those that are crystalline
or quasi-crystalline (certain clay minerals) . Amorphous materials
cannot be directly measured by X-ray diffraction. Two basic groups
of phases, or minerals, are considered, namely rock-forming
minerals (quartz, feldspars, carbonates, sulfides, etc.) and
phyllosilicates (clay minerals) . The diffraction peaks of these
minerals are measured and stored for later analysis.
Certain procedures are available for detection and semi-
quantitative analysis of amorphous phases; however, they are
currently not implemented by Core Laboratories. X-ray diffraction
techniques cannot supply any qualitative information about
amorphous phases unless elemental data is supplied or prior
knowledge of the phase leaves no doubt to its chemical composition.

Limit of Detection
The limit of detection of X-ray diffraction of a normally prepared
sample is 1 weight percent of the fraction analyzed. Various
methods for concentrating certain target groups of minerals are
implemented by Core Laboratories, as necessary. Also, certain
conditions within the diffractograms (overlaps of two phases'
diffraction peaks) may raise the detection limit of a phase.
Accuracy of the diffraction analysis is + 5 weight percent.

Principle, Scope, and Application
X-ray diffraction analysis is a method used for determining the
mineral content of a substance. Most materials consist of tiny
crystals which are made of ordered arrays of atoms arranged in a
periodic or repetitive way. When an incident X-ray beam impinges
upon such an array, general scattering occurs, such that the
scattered waves interfere with and destroy one another. In certain
specific directions, however, the scattered waves are in phase with
one another and combine to form new wave-fronts. This constructive
interference is know as diffraction. The direction in which
diffraction occurs depend upon the size and shape of the unit cell
of the crystal, whereas the intensity of diffraction is determined
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by the actual atomic array or the nature of the crystal structure.
The condition for reflection of X-rays from a parallel arrangement
of atoms within a crystal is called the Bragg Angle. Bragg's Law,

n 1 = 2dsin 0,

where, n is the order of reflection, lambda is the wavelength of
incident X-rays, d is the interplanar spacing between rows of atoms
and theta is the angle of the incident X-rays. This is the basic
principle behind X-ray diffraction. This principle applies to
crystalline materials and does not apply on amorphous substances
(glass, certain organics, certain clays, etc.). For a more
detailed discussion, please refer to Cullity (1967).

Each crystalline substance, or phase, has a unique set of integral
peaks that are like individual fingerprints of humans. For each
diffractogram, these peaks are measured in the angular expression
of two-theta space, identified and indexed for future reference.
A very large database (> 100,000) of phases has been compiled by
the Joint Committee of Powder Diffraction Standards (JCPDS) and is
available in book form and magnetic media for computer-aided search
and match algorithms and for comparison to the indexed pattern for
identification of phases in the diffractogram. The intensity of
a diffraction peak of a phase is indirectly proportional to the
concentration of the phase. There are a number of phenomenon that
need to be considered when doing a quantitative analysis on
multiphase substances. Please refer Klug and L. E. Alexander for
more detail on this matter.

SAMPLE PREP AND ANALYSIS

Sample supplied for X-ray diffraction must be a representative
portion of the sample. Approximately 10 grams are required for a
routine analysis. No preservation is necessary other than insuring
the sample was maintained at ambient conditions after coring.

Prearation
Sample selected for X-ray diffraction analysis is dried and cleaned
of obvious contaminants. For hydrocarbon removal, the sample is
placed in a low temperature, methylene chloride soxhlet for 24
hours. The sample is gently ground in a ceramic mortar and pestle
and split into two equal portions using a riffle splitter. One
split is saved for later milling for a bulk analysis pellet. This
procedure is described later. The remaining split is tested for
halides (silver nitrate test) . If needed, the sample is placed in
a low-temperature methanol soxhlet for up to 72 hours, or until
sample is leached of all halides. The sample is weighed and placed
in 150 mill iliters of deionized water treated with 1 volume percent
Calgon water softener and treated with a sonic cell disrupter for
5 minutes. This procedure breaks the clay from host grains and
breaks down lithic fragments containing clay. The Calgon is added
to aid in clay dispersion. The resultant slurry is placed in a



centrifuge in order to fractionate the sample at 2 microns. The
suspended < 2 micron fraction is decanted and saved, and the > 2
micron fraction is washed and centrifuged again to remove any < 2
micron particles. The remaining < 2 micron particles are added to
the saved < 2 micron portion. The > 2 micron fraction is dried and
weighed to determine the percent of clay- and silt-sized material.
This weight is used to determine the net clay of the sample. The
suspended < 2 micron fraction is suctioned onto a pure silver
substrate with an average pore diameter of 1.2 microns. The
resulting aggregate of sample and substrate is dried and mounted
on a glass slide. The > 2 micron fraction and the previously saved
split of sample are milled in a McCrone micronizing mill with low-
water isopropanol and then packed into sample holders for analysis.
The > 2 micron fraction and the bulk split are scanned from 2 to
60 degrees two-theta at 1 degree per minute. The < 2 micron sample
mount is run first in the natural (air-dried) state and then
treated with ethylene glycol vapor for 24 hours and run again.
Both clay runs are from 2 to 40 degrees at 1 degree per minute.

Apparatus
The sample is analyzed with a Philips APD 3600 X-ray diffractometer
at a slow rate (1 degree/minute) using a copper tube ( wavelength
CuK alpha, = 1.54051 angstroms) with 35 kilovolt potential and 35
milliamp current. Scintillator voltage is 800 volts and time
constant is 1. A Data General Nova 4X is used to the collect and
store data while a Data General Eclipse S/140 is used for data
reduction.

Analytical Measurements
The diffractograms for each run are first inspected for any data
collection anomalies and the samples are scanned again if
necessary. The bulk split is analyzed for any water-soluble
minerals. The bulk split is also compared to the > 2 micron sample
for consistency, clays, et cetera. If any inconsistencies are
identified, the sample may be rerun. If any water-soluble minerals
are detected, they are quantified and added to the total mineral
analysis.

Minerals in the >2 micron powder mount and clay mount are
identified by comparison of the diffractograms to standards, either
prepared and run on Philips diffractometer or standards from the
Joint Committee on Powder Diffraction Standards. A computer
algorithm is available for complex pattern or for rare mineral
phases which matches the unknown pattern to those of the JCPDS for
accurate phase identification. Most of the clay mineral standards
are patterns that were run on the Philips diffractometer. Certain
clay minerals called "mixed-layer clays" are found in many
sediments. Occasionally, it is not possible to collect standards
for every mixed-layer clay that could be anticipated in a given
basin. Therefore, Core Laboratories uses a computer algorithm
developed by Reynolds that calculates a pattern of mixed-layer clay
based on unit cell and chemical formulae restrictions. The
resulting calculated pattern intensities are analyzed with th^
profile-fitting algorithm and then intensity relationships ar>



established. Compositions and species of the clay minerals are
determined according to procedures outlined by Reynolds (1980,
1985), Grim (1962), Wilson (1987), Srodon (1980, 1984), Carroll
(1970).

The integrated areas of the most intense reflection for each phase
are obtained using a multiple Lorentzian profile-fitting algorithm
(Schreiner and Jenkins, 1983) which is part of an analytical
software package provided with the Philips diffractometer. Some
modifications were made by Core Laboratories to the source code of
the profile-fitting algorithm to make it more efficient. The
integrated areas are corrected for various absorption and
orientation phenomena with structure factors obtained from previous
calibrations of each phase using a modified Chung method (1974a,
b, and c) . The corrected integrated areas are normalized to 100
percent. Any clay minerals trapped in the > 2 micron fraction are
quantified and mathematically added to the clay category. Any
rock-forming minerals trapped in the < 2 fraction are also
mathematically removed and added to the rock-forming mineral
category. The integrated area for each phase is entered into a
'spreadsheet that calculates the weight percent data. The results
are then tabulated and sorted according to depth or any relevant
sample identification.

Interferences and corrective actions
Particle size plays an important part of the diffraction intensity.
Too small a particle size produces a small and broad diffraction
peak, and in extreme cases, the peak of phase with too small a
particle size can no longer diffract X-rays and completely
disappear due to extensive lattice damage. Too large a particle
size produces primary extinction effects and also can lead to
preferred orientation. A completely random ordering of
crystallites in a powder mount is most preferred because preferred
cleavage planes are often the most intense diffraction planes which
could lead to overestimation of the orienting phase. Conversely,
clay minerals are often oriented by using a suction or settling
method because they are not as efficient as diffracting X-rays
along what are called their "hkl11 planes. Clay minerals are
typically flat, platey crystals with the edge surfaces being the
hkl planes of the clay mineral crystallites. Basal planes of clay'
minerals are aligned with the long axis of the crystallite,
consequently when the clay crystallite is aligned along the long
axis, it diffracts much more efficiently due to an ideal
arrangement of atoms along the basal or "001" plane and integrals.

Salts are a problem with respect to water separating the sample to
< 2 and > 2 microns because as the halite goes into solution it
provides a nucleating site for the strongly negatively charged clay
particles. As the clays nucleate, or flocculate, onto cations in
solution, the clays tend to fall out of suspension immediately,
thus ruining the gravimetric portion of the experiment. That is
why the salts are removed with methanol if their presence is
detected. It does not take very much salt to ruin the procedure.



Hydrocarbons are also a problem with respect to preparation of
samples because they tend to cause the sand to ball up and float
on the surface. Consequently, if detected or suspected, the
soluble hydrocarbons are removed with methylene chloride. Any
insoluble hydrocarbons remain behind but cause no major sample prep
problems.

A large source of error in diffraction is the overlap of two or
more peaks at the same or proximal two-thet:a positions. This is
minimized by performing profile-fitting (not decqnvolution) of
overlapped areas of the diffractograms. One particularly notorious
overlap is that between two clay minerals, kaolinite and chlorite.
If these two minerals (one occurring at 24.9 and 25.2 degrees two
theta, respectively) were quantified by peak intensity only, errors
as high as 100% may occur.

The silver substrate below the deposited clay minerals often is
detected in a diffractogram as elemental silver. This is due to
the finite thickness of the clay on the silver substrate. If not
accounted for, errors will be generated by comparing intensities
from low two theta angles to intensities from high two theta
angles. The error occurs due to the path distance differential of
the incident X-ray beam. At low two-thetas, the path distance will
be much larger due to the larger incident angle, consequently
giving a much larger intensity of a diffraction peak than that of
a diffraction peak from a higher two-theta. At higher two-thetas,
the path distance is much shorted due to the higher incident angle.
This must be corrected by applying the formula

Iinf = ltMr/[l-exp(-2ut/sin 0)]

that corrects all two-theta position intensities to those of an
infinitely thick mount. By measuring the intensity of the silver
peak on the unknown sample versus that of an external standard of
pure silver, the exact thickness of the sample substrate can be
calculated and all intensities can be converted to that of
infinitely thick "powder mount".

Poor alignment of the X-ray diffractometer can also lead to serious
errors and is remedied by frequently observing the most intense
peak (101 - hkl index) of alpha quartz which occurs at
approximately 26.66 degrees two theta and making adjustments to
goniometer position as needed. Any time a diffractometer is moved,
it is necessary to do a "ground up" alignment.

Calibration
Calibration of the rock-forming minerals was accomplished by
running a series of external standard mineral phases, tested for
purity and known for their abundance of source, against alpha
quartz as a flushing agent (Chung, 1974). Ten mixtures of each
phase with quartz, in graduated amounts from 0 to 100 percent, were
analyzed and the ratio of observed versus actual concentrations
were plotted. A non-weighted, least-squares regression analysis
was performed on each data set to evaluate the best fit line



through the data. The slope and y-intercept of each phase were
used to calculate a normalized intensity correction coefficient for
each standard. This correction coefficient is free of matrix
absorption effects and is also free of orientation effects since
the standards and the unknowns are prepared in the same fashion.
The clay minerals were calibrated in a similar fashion with the
exception of chlorite (CCa-1, ripidolite) replacing quartz. This
was repeated for each phase. Up to 70 minerals have now been
calibrated.

Data Deliverables
As requested, the following will be provided

a) Case narrative as outlined.

b) Summary of initial calibration as detailed above. This
calibration is performed only once until a major change
is effected.

c) Summary of sample analysis as outlined.

d) QC analyses are not routinely performed. Can be effected
upon request.

e) Diffractograms will be provided.

f) Instrument logbook will be provided as requested.

Safety Precautions
Core Laboratories is fully licenced facility registered with the
Texas Department of Health for operating radiation generating
devices. A site survey was performed in August, 1990 by Henken
Industries for site leakage of X-rays and were deemed operating at
a safe (minimal) exposure level. All employees wear both deep and
shallow dose radiation detection devices that are monitored on a
monthly basis. All employees are sufficiently trained in the safe
operation of the X-ray diffractometer and appropriate warnings and
advisements are posted in proximity to the machine and at all doors
entering into the laboratory.

Our laboratory staff practice all safety procedures for handling
hazardous materials and wear all accoutrements necessary for safe
laboratory operation.

Preventative Maintenance
No preventative maintenance is required for the X-ray
diffractometer other than checking cooling water levels in the heat
exchanger and checking the overall appearance and insuring that all
safety interlocks are functioning properly.

Quality Control
Besides data quality checks by the X-ray analyst, quality control
as a strict regimen is not observed; however numerous cross checks
are performed when thin section or FTIR analyses are performed.



Any discrepancies observed are promptly investigated and, if
necessary, samples are re-analyzed to check results.
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NATURAL MOISTURE CONTENT (WARZYN)



Designation: D 221 6-80 An American National Standard

Standard Method for
LABORATORY DETERMINATION OF WATER (MOISTURE)
CONTENT OF SOIL, ROCK, AND SOIL-AGGREGATE
MIXTURES1

This standard is issued under the fixed designation D 22I6: the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last
reapproval. A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope 3. Significance and Use
1.1 This method covers the laboratory deter- 3.1 For many soil types, the water content is

mination of the water (moisture) content of one of the most significant index properties
soil, rock, and soil-aggregate mixtures by used in establishing a correlation between soil
weight. For simplicity, the word "material" behavior and an index property,
hereinafter refers to either soil, rock, or soil- 3.2 The water content of a soil is used in
aggregate mixtures, whichever is most applica- almost every equation expressing the phase
ble. relationships of air, water, and solids in a given

1.2 The water content of a material is de- volume of material.
fined as the ratio, expressed as a percentage, of 3.3 In fine-grained (cohesive) soils, the con-
the mass of "pore" or "free" water in a given sistency of a given soil type depends on its
mass of material to the mass of the solid ma- water content. The water content of a soil,
terial particles. along with its liquid and plastic limit, is used to

1.3 This method does not give true repre- express its relative consistency or liquidity in-
sentative results for: materials containing sig- dex.
nificant amounts of halloysite, montmorillon- 3.4 The term "water" as used in geotechnical
ite, or gypsum minerals; highly organic soils; engineering, is typically assumed to be "pore"
or, materials in which the pore water contains or "free" water and not that which is hydrated
dissolved solids (such as salt in the case of to the mineral surfaces. Therefore, the water
marine deposits). For a material of the previ- content of materials containing significant
ously mentioned types, a modified method of amounts of hydrated water at in-situ tempera-
testing or data calculation may be established tures or less than 110°C can be misleading,
to give results consistent with the purpose of 3.5 The term "solid particles" as used in
the test. geotechnical engineering, is typically assumed

to mean naturally occurring mineral particles
2. Summary of Method that are not readily soluble in water. Therefore,

2.1 The practical application in determining the water content of materials containing extra-
the water content of a material is to determine neous matler (such M cement> etc)> water-sol-
the mass of water removed by drying the moist uble matler (such as salt) and hl§hIY organic
material (test specimen) to a constant mass in
a drvine Oven controlled at 110 ± 5°C and to 'This method is under the jurisdiction of ASTM Com-

, . , ' .1 f • A. . miliee D-18 on Soil and Rock and is the direct responsibility
Use this value as the mass of water in the test of Subcommittee D18.03 on Texture. Plasticity and Density
specimen. The mass of material remaining after Characteristics of Soils.
oven-drvine is used as the mass of the solid Current edition approved May 30, 1980. Published Julyoven-arymg is usea as me mass 01 me SOHQ 19gQ Originallv published ^ D22W-63T. Last previous
particles. edition D 2216-71.



matter typically require special treatment or a
qualified definition of water content.

4. Apparatus
4.1 Drying Oven, thermostatically-con-

trolled, preferably of the forced-draft type, and
maintaining a uniform temperature of 110 ±
5°C throughout the drying chamber.

4.2 Balances, having a precision (repeatabil-
ity) of ±0.01 g for specimens having a mass of
200 g or less, ±0.1 g for specimens having a
mass of between 200 and 1000 g, or ± 1 g for
specimens having a mass greater than 1000 g.

4.3 Specimen Containers—Suitable con-
tainers made of material resistant to corrosion
and a change in mass upon repeated heating,
cooling, and cleaning. Containers with close-
fitting lids shall be used for testing specimens
having a mass of less than about 200 g; while
for specimens having a mass greater than about
200 g, containers without lids may be used
(Note 1). One container is needed for each
water content determination.

NOTE 1—The purpose of close-fitting lids is to
prevent loss of moisture from specimens before initial
weighing and to prevent absorption of moisture from
the atmosphere following drying and before final
weighing.

4.4 Desiccator—A desiccator of suitable size
(a convenient size is 200 to 250-mm diameter)
containing a hydrous silica gel. This equipment
is only recommended for use when containers
having close-fitting lids are not used. See 7.4.1.

5. Samples
5.1 Keep the samples that are stored prior to

testing in noncorrodible airtight containers at
a temperature between approximately 3 and
30°C and in an area that prevents direct contact
with sunlight.

5.2 The water content determination should
be done as soon as practicable after sampling,
especially if potentially corrodible containers
(such as steel thin-walled tubes, paint cans, etc.)
or sample bags are used.

6. Test Specimen
6.1 For water contents being determined in

conjunction with another ASTM method, the
method of specimen selection specified in that
method controls.

6.2 The manner in which the test specimen
is selected and its required mass is basically
dependent on the purpose (application) of the
test, type of material being tested, and the type
of sample (specimen from another test, bag,
tube, split-barrel, etc.). In all cases, however, a
representative portion of the total sample shall
be selected. If a layered soil or more than one
soil type is encountered, select an average por-
tion or individual portions or both, and note
which portion(s) was tested in the report of the
results.

6.2.1 For bulk samples, select the test speci-
men from the material after it has been thor-
oughly mixed. The mass of moist material se-
lected shall be in accordance with the following
table:

Recommended Minimum
Sieve Retaining More Than Mass of Moist Specimen.

About 10% of Sample g
2.0 mm (No. 10) sieve 100 to 200
4.75 mm (No. 4) sieve 300 to 500
19mm 500 to 1000
38 nun 1500 to 3000
76 mm 5000 to 10 000

6.2.2 For small (jar) samples, select a repre-
sentative portion in accordance with the follow-
ing procedure:

6.2.2.1 For cohesionless soils, thoroughly
mix the material, then select a test specimen
having a mass of moist material in accordance
with the table in 6.2.1. See Note 2.

6.2.2.2 For cohesive soils, remove about 3
mm of material from the exposed periphery of
the sample and slice it in half (to check if the
material is layered) prior to selecting the test
specimen. If the soil is layered see 6.2. The
mass of moist material selected should not be
less than 25 g or should be in accordance.with
the table in 6.2.1 if coarse-grained particles are
noted. (Note 2).

6.3 Using a test specimen smaller than the
minimum mass indicated previously requires
discretion, though it may be adequate for the
purpose of the test. A specimen having a mass
less than the previously indicated value shall
be noted in the report of the results.

NOTE 2—In many cases, when working with a
small sample containing a relatively large coarse-
grained particle, it is appropriate not to include this
particle in the test specimen. If this occurs, it should
be noted in the report of the results.
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7. Procedure
7.1 Select representative test specimens in

accordance with Section 6.
7.2 Place the moist specimen in a clean, dry

container of known mass (Note 3), set the lid
securely in position, and determine the mass of
the container and moist material using an ap-
propriate balance (4.2). Record these values.

7.3 Remove the lid and place the container
with moist material in a drying oven main-
tained at 110 ± 5°C and dry to a constant mass
(Notes 4, 5, and 6).

NOTE 3—To assist in the oven-drying of large test
specimens, they should be placed in containers hav-
ing a large surface area (such as pans) and the
material broken up into smaller aggregations.

NOTE 4-Thc time required to obtain constant
mass will vary depending on the type of material,
size of specimen, oven type and capacity, and other
factors. The influence of these factors generally can
be established by good judgment, and experience
with the materials being tested and the apparatus
being used. In most cases, drying a test specimen over
night (about 16 h) is sufficient. In cases where there
is doubt concerning the adequacy of drying, drying
should be continued until the mass after two succes-
sive periods (greater than & h) of drying indicate an
insignificant change (less than about 0.1 %). Speci-
mens of sand may often be dried to constant mass in
a period of about 4 h, when a forced-draft oven is
used.

NOTE 5—Oven-drying at 110 ± 5°C does not
always result in water content values related to the
intended use or the basic definition especially for
materials containing gypsum or other minerals hav-
ing significant amounts of hydrated water or for soil
containing a significant amount of organic material.
In many cases, and depending on the intended use
for these types of materials, it might be more appli-
cable to maintain the drying oven at 60 ± 5°C or use
a vacuum desiccator at a vacuum of approximately
133 Pa (10 mm Hg) and at a temperature ranging
between 23 and 60°C for drying. If either of these
drying'methods are used, it should be noted hi the
report of the results.

NOTE 6—Since some dry materials may absorb
moisture from moist specimens, dried specimens
should be removed before placing moist specimens
in the oven. However, this requirement is not appli-
cable if the previously dried specimens will remain
in the drying oven for an additional time period of
about 16 h.

7.4 After the material has dried to constant
mass remove the container from the oven and
replace the lid. Allow the material and con-
tainer to cool to room temperature or until the
container can be handled comfortably with

bare hands and the operation of the balance
will not be affected by convection currents.
Determine the mass of the container and oven-
dried material using the same balance as used
in 7.2. Record this value.

7.4.1 If the container does not have a lid,
weigh the container and material right after
their temperatures are such that the operation
of the balance will not be affected by convec-
tion currents or after cooling in a desiccator.

NOTE 7—Cooling in a desiccator is recommended
since it prevents absorption of moisture from the
atmosphere during cooling.

8. Calculation
8.1 Calculate the water content of the ma-

terial as follows:

w - Wc)} x 100 = — x 100
"»

where:
w = water content, %,
Wi = mass of container and moist specimen,

g.
Wz = mass of container and oven-dried spec-

imen, g,
We = mass of container, g,
Ww = mass of water, g, and
Ws = mass of solid particles, g.

9. Report
9.1 The report (data sheet) shall include the

following:
9.1.1 Identification of the sample (material)

being tested, by boring number, sample num-
ber, test number, etc.

9.1.2 Water content of the specimen to the
nearest 0.1 % or 1 %, depending on the purpose
of the test.

9.1.3 Indication of test specimen having a
mass less than the minimum indicated in Sec-
tion 6.

9.1.4 Indication of test specimen containing
more than one soil type (layered, etc).

9.1.5 Indication of the method of drying if
different from oven-drying at 110 ± 5°C.

9.1.6 Indication of any material (size and
amount) excluded from the test specimen.
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10. Precision and Accuracy curacy of this test method have not yet been
10.1 Requirements for the precision and ac- developed.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in
connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103.
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Designation: D 4318 - 84

Standard Test Method for
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF
SOILS1

This standard is issued under the fixed designation D 4318; the number immediately following the designation indicates the year of
original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last redpproval.
A superscript epsilon («) indicates an editorial change since the last revision or reapproval.
This test method has bean approved fur use by agencies of the Department of Defense and for listing in the DoD Index of Specifications
and Standards.

1. Scope
1.1 This test method covers the determination

of the liquid limit, plastic limit, and the plasticity
index of soils as defined in Section 3.

1.1.1 Two procedures for preparing test spec-
imens and two procedures for performing the
liquid limit are provided as follows:

A Multipoint test using a wet preparation
procedure, described in Sections 10.1, 11,
and 12.

B Multipoint test using a dry preparation
procedure, described in Sections 10.2, 11,
and 12.

C One-point test using a wet preparation pro-
cedure, described in Sections 13, 14, and
15.

D One-point test using a dry preparation pro-
cedure, described in Sections 13, 14, and
15.

The procedure to be used shall be specified by
the requesting authority. If no procedure is spec-
ified, Procedure A shall be used.

NOTE 1—Prior to the adoption of this test method,
a curved grooving tool was specified as part of the
apparatus for performing the liquid limit test. The
curved tool is not considered to be as accurate as the
flat tool described in 6.2 since it does not control the
depth of the soil in the liquid limit cup. However, there
are some data which indicate that typica'lly the liquid
limit is slightly increased when the flat tool is used
instead of the curved tool.

1.1.2 The plastic limit test procedure is de-
scribed in Sections 16, 17, and 18. The plastic
limit test is performed on material prepared for
the liquid limit test. In effect, there are two
procedures for preparing test specimens for the
plastic limit test.

1.1.3 The procedure for calculating the plas-
ticity index is given in Section 19.

1.2 The liquid limit and plastic limit of soils
(along with the shrinkage limit) are often collec-
tively referred to as the Attcrberg limits in rec-
ognition of their formation by Swedish soil sci-
entist, A. Atterberg. These limits distinguish the
boundaries of the several consistency states of
plastic soils.

1.3 As used in this test method, soil is any
natural aggregation of mineral or organic mate-
rials, mixtures of such materials, or artificial mix-
tures of aggregates and natural mineral and or-
ganic particles.

1.4 The multipoint liquid l imit procedure is
somewhat more time consuming than the one-
point procedure when both are performed by
experienced operators. However, the one-point
procedure requires the operator to judge when
the test specimen is approximately at its liquid
limit. In cases where this is not done reliably, the
multipoint procedure is as fast as the one-point
procedure and provides additional precision due
to the information obtained from additional
trials It is particularly recommended that the
multipoint procedure be used by inexperienced
operators.

1.5 The correlations on which the calculations
of the one-point procedure are based may not be
valid for certain soils, such as organic soils or

' This test method is under the jurisdiction of ASTM Com-
mittee D-18 on Soil and Rock and is the direct responsibility of
Subcommittee D 18.03 on Texture. Plasticity and Density Char-
acteristics of Soils.

Current edition approved Oct. 26.1984. Published December
1984. Originally published as D 4318 - 83. Last previous edition
D4318-83'1.
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soils from a marine environment. The liquid
l imi t of these soils should therefore be deter-
mined by the multipoint procedure (Procedure
A).

1.6 The liquid and plastic limits of many soils
that have been allowed to dry before testing may
be considerably different from values obtained
on undried samples. If the liquid and plastic
limits of soils are used to correlate or estimate
the engineering behavior of soils in their natural
moist state, samples should not be permitted to
dry before testing unless data on dried samples
are specifically desired.

1.7 The composition and concentration of
soluble salts in a soil affect the values of the
liquid and plastic limits as well as the water
content values of soils (see Method D2216).
Special consideration should therefore be given
to soils from a marine environment or other
sources where high soluble salt concentrations
may be present. The degree to which the salts
present in these soils are diluted or concentrated
must be given consideration if meaningful results
are to be obtained.

1.8 Since the tests described herein are per-
formed only on that portion of a soil which passes
the 425-u.m (No. 40) sieve, the relative contri-
bution of this portion of the soil to the properties
of the sample as a whole must be considered
when using these tests to evaluate the properties
of a soil.

1.9 The values stated in acceptable metric
units are to be regarded as the standard. The
values given in parentheses are for information
only.

1.10 This standard may involve hazardous
materials, operations, and equipment. This
standard does not purport to address all of the
safety problems associated with its use. It is the
responsibility of whoever uses this standard to
consult and establish appropriate safety and
health practices and determine the applicability
of regulatory limitations prior to use.

2. Applicable Documents
2.1 ASTMStandards:
C 702 Methods for Reducing Field Samples of

Aggregate to Testing Size2

D 75 Practice for Sampling Aggregates3

D 420 Recommended Practice for Investigat-
ing and Sampling Soil and Rock for Engi-
neering Purposes4

D653 Terms and Symbols Relating to Soil
and Rock4

D 1241 Specification for Materials for Soil-
Aggregate Subbase, Base, and Sur face
Courses4

D 2216 Method for Laboratory Determination
of Water (Moisture) Content of Soil, Rock,
and Soil-Aggregate Mixtures4

D 2240 Test Method for Rubber Property—
Durometer Hardness5

D 2487 Test Method for Classification of Soils
for Engineering Purposes4

D 2488 Practice for Description and Identifi-
cation of Soils (Visual-Manual Procedure)4

D 3282 Practice for Classification of Soils and
Soil-Aggregate Mixtures for Highway Con-
struction Purposes4

E 11 Specification for Wire-Cloth Sieves for
Testing Purposes'

E 319 Methods of Testing Single-Arm Bal-
ances6

E 898 Method of Testing Top-Loading, Di-
rect-Reading Laboratory Scales and Bal-
ances6

3. Definitions
3.1 Atterberg limits—originally, seven "limits

of consistency" of fine-grained soils were defined
by Albert Atterberg. In current engineering usage,
the term usually refers only to the liquid limit,
plastic limit, and in some references, the shrink-
age limit.

3.2 consistency—the relative ease with which
a soil can be deformed.

3.3 liquid limit (LL)—the water content, in
percent, of a soil at the arbitrarily defined bound-
ary between the liquid and plastic states. This
water content is .defined as the water content at
which a pat of soil placed in a standard cup and
cut by a groove of standard dimensions will flow
together at the base of the groove for a distance
of 13 mm ('/2 in.) when subjected to 25 shocks
from the cup being dropped 10 mm in a standard
liquid limit apparatus operated at a rate of 2
shocks per second.

1 Annual Book of ASTM Standards, Vol 04.02.
3 Annual Book of ASTM Standards, Vols 04.02, 04.03, and

04.08.
4 Annual Book of ASTM Standards, Vol 04.08.
'Annual Book of ASTM Standards, Vol 09.01.
* Annual Book of ASTM Standards, Vol 14.02.
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NOTE 2—The undrained shear strength of soil at the
liquid l imit is considered to be 2 ±0.2 kPa (0.28 psi).

3.4 plastic limit (PL)—the water content, in
percent, of a soil at the boundary between the
plastic and brittle states. The water content at
this boundary is the water content at which a soil
can no longer be deformed by rolling into 3.2
mm (Vs in.) in diameter threads without crum-
bling.

3.5 plastic soil—a soil which has a range of
water content over which it exhibits plasticity
and which will retain its shape on drying.

3.6 plasticity index (PI)—the range of water
content over which a soil behaves plastically.
Numerically, it is the difference between the liq-
uid limit and the plastic limit.

3.7 liquidity index—the ratio, expressed as a
percentage, of (7) the natural water content of a
soil minus its plastic limit, to (2) its plasticity
index.

3.8 activity number (A)—the ratio of (7) the
plasticity index of a soil to (2) the percent by
weight of particles having an equivalent diameter
smaller than 0.002 mm.

4. Summary of Method
4.1 The sample is processed to remove any

material retained on a 425-um (No. 40) sieve.
The liquid limit is determined by performing
trials in which a portion of the sample is spread
in a brass cup, divided in two by a grooving tool,
and then allowed to flow together from the
shocks caused by repeatedly dropping the cup in
a standard mechanical device. The multipoint
liquid limit, Procedures A and B, requires three
or more trials over a range of water contents to
be performed and the data from the trials plotted
or calculated to make a relationship from which
the liquid limit is determined. The one-point
liquid limit, Procedures C and D, uses the data
from two trials at one water content multiplied
by a correction factor to determine the liquid
limit.

4.2 The plastic limit is determined by alter-
nately pressing together and rolling into a 3.2
mm (Vs in.) diameter thread a small portion of
plastic soil until its water content is reduced to a
point at which the thread crumbles and is no
longer able to be pressed together and rerolled.
The water content of the soil at this stage is
reported as the plastic limit.

4.3 The plasticity index is calculated as the
difference between the liquid l imit and the plastic
limit.

5. Significance and Use
5.1 This test method is used as an integral part

of several engineering classification systems to
characterize the fine-grained fractions of soils (see
Test Method D 2487 and Practice D 3282) and
to specify the fine-grained fraction of construc-
tion materials (see Specification D 1241). The
liquid limit, plastic limit, and plasticity index of
soils are also used extensively, either individually
or together with other soil properties to correlate
with engineering behavior such as compressibil-
ity, permeability, compactibility, shrink-swell,
and shear strength.

5.2 The liquid and plastic limits of a soil can
be used with the natural water content of the soil
to express its relative consistency or liquidity
index and can be used with the percentage finer
than 2-um size to determine its activity number.

5.3 The one-point liquid limit procedure is
frequently used for routine classification pur-
poses. When greater precision is required, as
when used for the acceptance of a material or for
correlation with other test data, the multipoint
procedure should be used.

5.4 These methods are sometimes used to
evaluate the weathering characteristics of clay-
shale materials. When subjected to repeated wet-
ting and drying cycles, the liquid limits of these
materials tend to increase. The amount of in-
crease is considered to be a measure of a shale's
susceptibility to weathering.

5.5 The liquid limit of a soil containing sub-
stantial amounts of organic matter decreases dra-
matically when the soil is oven-dried before test-
ing. Comparison of the liquid limit of a sample
before and after oven-drying can therefore be
used as a qualitative measure of organic matter
content of a soil.

6. Apparatus
6.1 Liquid Limit Device—A mechanical de-

vice consisting of a brass cup suspended from a
carriage designed to control its drop onto a hard
rubber base. A drawing showing the essential
features of the device and the critical dimensions
is given in Fig. 1. The design of the device may
vary provided that the essential functions are
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preserved. The device may be operated either by
a hand crank or by an electric motor.

6.1.1 Base—The base shall be hard rubber
having a D Durometer hardness of 80 to 90, and
a resilience such that an 8-mm (Vi6-in.) diameter
polished steel ball, when dropped from a height
of 25 cm (9.84 in.) will have an average rebound
of at least 80 % but no more than 90 %. The tests
shall be conducted on the finished base with feet
attached.

6.1.2 Feel—The base shall be supported by
rubber feet designed to provide isolation of the
base from the work surface and having an A
Durometer hardness no greater than 60 as mea-
sured on the finished feet attached to the base.

6.1.3 Cup—The cup shall be brass and have a
weight, including cup hanger, of 185 to 215 g.

6.1.4 Cam—The cam shall raise the cup
smoothly and continuously to its maximum
height, over a distance of at least 180° of cam
rotation. The preferred cam motion is a uni-
formly accelerated lift curve. The design of the
cam and follower combination shall be such that
there is no upward or downward velocity of the
cup when the cam follower leaves the cam.

NOTE 3—The cam and follower design in Fig. I is
for uniformly accelerated (parabolic) motion after con-
tact and assures that the cup has no velocity at drop
off. Other cam designs also provide this feature and
may be used. However, if the cam-follower lift pattern
is not known, zero velocity at drop off can be assured
by carefully filing or machining the cam and follower
so that the cup height remains constant over the last 20
to 45° of cam rotation.

6.1.5 Carriage—The cup carriage shall be
constructed in a way that allows convenient but
secure adjustment of the height of drop of the
cup to 10 mm (0.394 in.). The cup hanger shall
be attached to the carriage by means of a pin
which allows removal of the cup and cup hanger
for cleaning and inspection.

6.1.6 Optional Motor Drive—As an alterna-
tive to the hand crank~shown in Fig. I, the device
may be equipped with a motor to turn the cam.
Such a .motor must turn the cam at 2 ±0.1
revolutions per second, and must be isolated
from the rest of the device by rubber mounts or
in some other way that prevents vibration from
the motor being transmitted to the rest of the
apparatus. It must be equipped with an ON-OFF
switch and a means of conveniently positioning
the cam for height of drop adjustments. The
results obtained using a motor-driven device

must not differ from those obtained using a
manually operated device.

6.2 Flat Grooving Tool—A grooving tool hav-
ing dimensions shown in Fig. 2. The tool shall
be made of plastic or noncorroding metal. The
design of the tool may vary as long as the essential
dimensions are maintained. The tool may, but
need not, incorporate the gage for adjusting the
height of drop of the liquid limit device.

6.3 Gage—A metal gage block for adjusting
the height of drop of the cup, having the dimen-
sions shown in Fig. 3. The design of the tool may
vary provided the gage will rest securely on the
base without being susceptible to rocking, and
the edge which contacts the cup during adjust-
ment is straight, at least 10 mm (% in.) wide, and
without bevel or radius.

6.4 Containers—Small corrosion-resistant
containers with snug-fitting lids for water content s

specimens. Aluminum or stainless steel cans 2.5
cm (1 in.) high by 5 cm (2 in.) in diameter are
appropriate.

6.5 Balance—A balance readable to at least
0.01 g and having an accuracy of 0.03 g wi th in
three standard deviations within the range of use.
Within any 15-g range, a difference between read-
ings shall be accurate within 0.01 g (Notes 4 and
5).

NOTI- 4—Sec Methods E 898 and E 319 for an ex-
planation of terms relating to balance performance.

NoTt 5—For frequent use, a top-loading type bal-
ance with automatic load indication, readable to 0.01
g. and having an index of precision (standard deviat ion)
of 0.003 or better is most suitable for this method.
However, nonautomatic indicating equal-arm analyti-
cal balances and some small equal arm top pan balances
having readabilities and sensitivities of 0.002 g or belter
provide the required accuracy when used with a weight
set of ASTM Class 4 (National Bureau of Standards
Class P) or better. Ordinary commercial and classroom
type balances such as beam balances are not suitable
for this method.

6.6 Storage Container—A container in which
to store the prepared soil specimen that will not
contaminate the specimen in any way, and which
prevents moisture loss. A porcelain, glass, or
plastic dish about 11.4 cm (4'/2 in.) in diameter
and a plastic bag large enough to enclose the dish
and be folded over is adequate.

6.7 Ground Glass Plait'—A ground glass plate
at least 30 cm (12 in.) square by 1 cm (% in.)
thick for mixing soil and rolling plastic l imi t
threads.

6.8 Spatula—A spatula or pill knife having a
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blade about 2 cm (% in.) wide by about 10 cm
(4 in.) long. In addit ion, a spatula having a blade
about 2.5 cm (I in.) wide and 15 cm (6 in.) long
has been found useful for i n i t i a l mixing of sam-
ples.

6.9 Sieve—A 20.3 cm (8 in.) diameter, 425-
um (No. 40) sieve conforming to the require-
ments of Specification E 11 and having a rim at
least 5 cm (2 in.) above the mesh. A 2-mm (No.
10) sieve meeting the same requirements may
also be needed.

6.10 Wash Bottle, or similar container for
adding controlled amounts of water to soil and
washing fines from coarse particles.

6.11 Drying Oven—A thermostatically con-
trolled oven, preferably of the forced-draft type,
capable of continuously maintaining a tempera-
ture of 110 ±5°C throughout the drying chamber.
The oven shall be equipped with a thermometer
of suitable range and accuracy for monitoring
oven temperature.

6.12 Washing Pan—A round, flat-bottomed
pan at least 7.6 cm (3 in.) deep, slightly larger at
the bottom than a 20.3-cm (8-in.) diameter sieve.

6.13 Rod (optional)—A metal or plastic rod
or tube 3.2 mm (Vg in.) in diameter and about 10
cm (4 in.) long for judging the size of plastic l imit
threads.

7. Materials
7.1 A supply of distilled or demineralized wa-

ter.

8. Sampling
8.1 Samples may be taken from any location

that satisfies testing needs. However, Methods
C702, and Practice D75, and Recommended
Practice D 420 should be used as guides for se-
lecting and preserving samples from various
types of sampling operations. Samples which will
be prepared using the wet preparation procedure,
10.1, must be kept at their natural water content
prior to preparation.

8.2 Where sampling operations have pre-
served the natural stratification of a sample, the
various strata must be kept separated and tests
performed on the particular stratum of interest
with as little contamination as possible from
other strata. Where a mixture of materials will
be used in construction, combine the various
components in such proportions that the result-
ant sample represents the actual construction
case.

8.3 Where data from th i s test method are to
be used for correlation with other laboratory or
field test data, use the same material as used for
these tests where possible.

8.4 Obtain a representative portion from the
total sample sufficient to provide 150 to 200 g of
material passing the 425-u.m (No. 40) sieve. Free
flowing samples may be reduced by the methods
of quartering or splitting. Cohesive samples shall
be mixed thoroughly in a pan with a spatula, or
scoop and a representative portion scooped from
the total mass by making one or more sweeps
with a scoop through the mixed mass.

9. Calibration of Apparatus
9.1 Inspection of Wear:
9.1.1 Liquid Limit Device—Determine that

the liquid limit device is clean and in good work-
ing order. The following specific points should
be checked:

9.1.1.1 Wear of Base—The spot on the base
where the cup makes contact should be worn no
greater than 10 mm (Vg in.) in diameter. If the
wear spot is greater than this, the base can be
machined to remove the worn spot provided the
resurfacing does not make the base thinner than
specified in 6.1 and the other dimensional rela-
tionships are maintained.

9.1.1.2 Wear of Cup—The cup must be re-
placed when the grooving tool has worn a de-
pression in the cup 0.1 mm (0.004 in.) deep or
when the edge of the cup has been reduced to
half its original thickness. Verify that the cup is
firmly attached to the cup hanger.

9.1.1.3 Wear of Cup Hanger— Verify that the
cup hanger pivot does not bind and is not worn
to an extent that allows more than 3-mm ('/g-in.)
side-to-side movement of the lowest point on the
rim.

9.1.1.4 Wear of Cam—The cam shall not be
worn to an extent that the cup drops before the
cup hanger (cam follower) loses contact with the
cam.

9.1.2 Grooving Tools—Inspect grooving tools
for wear on a frequent and regular basis. The
rapidity of wear depends on the material from
which the tool is made and the types of soils
being tested. Sandy soils cause rapid wear of
grooving tools; therefore, when testing these ma-
terials, tools should be inspected more frequently
than for other soils. Any tool with a tip width
greater than 2.1 mm must not be used. The depth
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of the tip of the grooving tool must be 7.9 to 8.1
mm.

NOTE 6—The width of the tip of grooving tools is
conveniently checked using a pocket-sized measuring
magnifier equipped with a mi l l ime t re scale. Magnifiers
of this type are available from most laboratory supply
companies. The depth of the tip of grooving tools can
be checked using the depth measuring feature of vernier
calipers.

9.2 Adjustment of Height of Drop—Adjust the
height of drop of the cup so that the point on the
cup that comes in contact with the base rises to
a height of 10 ±0.2 mm. See Fig. 4 for proper
location of the gage relative to the cup during
adjustment.

NOTE 7—A convenient procedure for adjusting the
height of drop is as follows: place a piece of masking
tape across the outside bottom of the cup parallel with
the axis of the cup hanger pivot. The edge of the tape
away from the cup hanger should bisect the spot on the
cup that contacts the base. For new cups, placing a
piece of carbon paper on the base and allowing the cup
to drop several times will mark the contact spot. Attach
the cup to the device and turn the crank unti l the cup
is raised to its maximum height. Slide the height gage
under the cup from the front, and observe whether the
gage contacts the cup or the tape. See Fig. 4. If the tape
and cup are both contacted, the height of drop is
approximately correct. If not, adjust the cup u n t i l si-
multaneous contact is made. Check adjustment by
turning the crank at 2 revolutions per second while
holding the gage in position against the tape and cup.
If a ringing or clicking sound is heard without the cup
rising from the gage, the adjustment is correct. If no
ringing is heard or if the cup rises from the gage, readjust
the height of drop. If the cup rocks on the gage during
this checking operation, the cam follower pivot is ex-
cessively worn and the worn parts should be replaced.
Always remove tape after completion of adjustment
operation.

MULTIPOINT LIQUID LIMIT—PROCEDURES
A AND B

10. Preparation of Test Specimens
10.1 Wet Preparation—Except where the dry

method of specimen preparation is specified
(10.2), prepare specimens for test as described in
the following sections.

10.1.1 Samples Passing the 425-^m (No. 40)
Sieve—When by visual and manual procedures
it is determined that the sample has little or no
material retained on a 425-um (No. 40) sieve,
prepare a specimen of 150 to 200 g by mixing
thoroughly with distilled or demineralized water
on the glass plate using the spatula. If desired,
soak soil in a storage dish with small amount of
water to soften the soil before the start of mixing.
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Adjust the water content of the soil to bring it to
a consistency that would require 25 to 35 blows
of the liquid limit device to close the groove
(Note 8). If, during mixing, a small percentage of
material is encountered that would be re ta ined
on a 425-um (No. 40) sieve, remove these pani-
cles by hand, if possible. If it is impractical to
remove the coarser material by hand, remove
small percentages (less than about 1 5 % ) of
coarser material by working the specimen
through a 425-um (No. 40) sieve using a piece of
rubber sheeting, rubber stopper, or other conven-
ient device provided the operation does not dis-
tort the sieve or degrade material that would be
retained if the washing method described in
10.1.2 were used. If larger percentages of coarse
material are encountered during mixing, or it is
considered impractical to remove the coarser
material by the methods just described, wash thf
sample as described in 10.1.2. When the coarse^**'
particles found during mixing are concretions,
shells, or other fragile particles, do not crush these
particles to make them pass a 425-[im (No. 40)
sieve, but remove by hand or by washing. Place
the mixed soil in the storage dish, cover to pre-
vent loss of moisture, and allow to stand for at
least 16 h (overnight). After the standing period
and immediately before starting the test, thor-
oughly remix the soil.

NOTE 8—The lime taken to adequately mix a soil
will vary greatly, depending on the plasticity and in i t i a l
water content. Initial mixing times of more than 30 —
in may be needed for stiff, fat clays.

10.1.2 Samples Containing Material Retainer
on a 425-\am (No. 40) Sieve:

10.1.2.1 Select a sufficient quantity of soil at
natural water content to provide 150 to 200 g of
material passing the 425-u.m (No. 40) sieve. Place
in a pan or dish and add sufficient water to cover
the soil. Allow to soak unt i l all lumps have
softened and the fines no longer adhere to the
surfaces of the corase particles (Note 9).

NOTE 9—In some cases, the cations of salts present
in tap water will exchange with the natural cations in
the soil and significantly alter the test results should tap
water be used in the soaking and washing operations.
Unless it is known that such cations are not present in
the tap water, distilled or demineralized water should
be used. As a general rule, water containing more than
100 mg/L of dissolved solids should not be used for
washing operations.

10.1.2.2 When the sample contains a large
percentage of material retained on the 425-u.m



U -40 i o

(No, 40) sieve, perform the following washing
operation in increments, washing no more than
0.5 kg (1 Ib) of material at one time. Place the
425-jim (No. 40) sieve in the bottom of the clean
-pan. Pour the soil water mixture onto the sieve.
If gravel or coarse sand particles are present, rinse
as many of these as possible with small quanti t ies
of w'ater from a wash bottle, and discard. Alter-
natively, pour the soil water mixture over a 2-
mm (No. 10) sieve nested atop the 425-u.m (No.
40) sieve, rinse the fine material through and
remove the 2-mm (No. 10) sieve. After washing
and removing as much of the coarser material as
possible, add sufficient water to the pan to bring
the level to about 13mm (}h in.) above the surface
of the 425-um (No. 40) sieve. Agitate the slurry
by stirring with the fingers while raising and
lowering the sieve in the pan and swirling the
suspension so that fine material is washed from
the coarser particles. Disaggregate fine soil lumps
that have not slaked by gently rubbing them over
the sieve with the fingertips. Complete the wash-
ing operation by raising the sieve above the water
surface and rinsing the material retained with a
small amount of clean water. Discard material
retained on the 425-um (No. 40) sieve.

10.1.2.3 Reduce the water content of the ma-
terial passing the 425-um (No. 40) sieve until it
approaches the liquid limit. Reduction of water
content may be accomplished by one or a com-
bination of the following methods: (a) exposing
the air currents at ordinary room temperature,
(b) -exposing to warm air currents from a source
such as an electric hair dryer, (c) filtering in a
Buckner funnel or using filter candles, (d) de-
canting clear water from surface of suspension,
or (e) draining in a colander or plaster of paris
dish lined with high retentivity, high wet-strength
filter paper.7 If a plaster of paris dish is used, take
care that the dish never becomes sufficiently
saturated that it fails to actively absorb water into
its surface. Thoroughly dry dishes between uses.
During evaporation and cooling, stir the sample
often enough to prevent overdrying of the fringes
and soil pinnacles on the surface of the mixture.
For soil samples containing soluble salts, use a
method of water reduction such as a or b that
will not eliminate the soluble salts from the test
specimen.

10.1.2.4 Thoroughly mix the material passing
the 425-um (No. 40) sieve on the glass plate using
the spatula. Adjust the water content of the mix-
ture, if necessary, by adding small increments of

distilled or demineralized water or by al lowing
the mixture to dry at room temperature while
mixing on the glass plate. The soil should be at a
water content that will result in closure of the
groove in 25 to 35 blows. Return the mixed soil
to the mixing dish, cover to prevent loss of mois-
ture, arid allow to stand for at least 16 h. After
the standing period, and immediately before
starting the test, remix the soil thoroughly.

10.2 Dry Preparation:
10.2.1 Select sufficient soil to provide 150 to

200 g of material passing the 425-um (No. 40)
sieve after processing. Dry the sample at room
temperature or in an oven at a temperature not
exceeding 60°C unti l the soil clods will pulverize
readily. Disaggregation is expedited if the sample
is not allowed to completely dry. However, the
soil should have a dry appearance when pulver-
ized. Pulverize the sample in a mortar with a
rubber tipped pestal or in some other way that
does not cause breakdown of individual grains.
When the coarse particles found during pulveri-
zation are concretions, shells, or other fragile
particles, do not crush these particles to make
them pass a 425-um (No. 40) sieve, but remove
by hand or other suitable means, such as washing.

10.2.2 Separate the sample on a 425-um (No.
40) sieve, shaking the sieve by hand to assure
thorough separation of the finer fraction. Return
the material retained on the 425-u.m (No. 40)
sieve to the pulverizing apparatus and repeat the
pulverizing and sieving operations as many times
as necessary to assure that all finer material has
been disaggregated and material retained on the
425-um (No. 40) sieve consists only of individual
sand or gravel grains.

10.2.3 Place material remaining on the 425-
u.m (No. 40) sieve after the final pulverizing
operations in a dish and soak in a small amount
of water. Stir the soil water mixture and pour
over the 425-um (No. 40) sieve, catching the
water and any suspended fines in the washing
pan. Pour this suspension into a dish containing
the dry soil previously sieved through the 425-
jim (No. 40) sieve. Discard material retained on
the 425-jim (No. 40) sieve.

10.2.4 Adjust the water content as necessary
by drying as described in 10.1.2.3 or by mixing
on the glass plate, using the spatula while adding
increments of distilled or demineralized water,

'S and S 595 filter paper, available in 32-cm circles, has
proven satisfactory.
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until the soil is at a water content that will result
in closure of the groove in 25 to 35 blows.

10.2.5 Put soil in the storage dish, cover to
prevent loss of moisture and allow to stand for
at least 16 h. After the standing period, and
immediately before starting the test, thoroughly
remix the soil (Note 8).

11. Procedure
11.1 Place a portion of the prepared soil in

the cup of the liquid limit device at the point
where the cup rests on the base, squeeze it down,
and spread it into the cup to a depth of about 10
mm at its deepest point, tapering to form an
approximately horizontal surface. Take care to
eliminate air bubbles from the soil pat but form
the pat with as few strokes as possible. Heap the
unused soil on the glass plate and cover with the
inverted storage dish or a wet towel.

11.2 Form a groove in the soil pat by drawing
the tool, beveled edge forward, through the soil
on a line joining the highest point to the lowest
point on the rim of the cup. When cutting the
groove, hold the grooving tool against the surface
of the cup and draw in an arc, maintaining the
tool perpendicular to the surface of the cup
throughout its movement. See Fig. 5. In soils
where a groove cannot be made in one stroke
without tearing the soil, cut the groove with
several strokes of the grooving tool. Alternatively,
cut the groove to slightly less than required di-
mensions with a spatula and use the grooving
tool to bring the groove to final dimensions.
Exercise extreme care to prevent sliding the soil
pat relative to the surface of the cup.

11.3 Verify that no crumbs of soil are present
on the base or the underside of the cup. Lift and
drop the cup by turning the crank at a rate of 1.9
to 2.1 drops per second until the two halves of
the soil pat come in contact at the bottom of the
groove along a distance of 13 mm (Vi in.). See
Fig. 6.

NOTE 10—Use the end of the grooving tool, Fig. 2,
or a scale to verify that the groove has closed 13 mm
C/z in.).

11.4 Verify that an air bubble has not caused
premature closing of the groove by observing that
both sides of the groove have flowed together
with approximately the same shape. If a bubble
has caused premature closing of the groove, re-
form the soil in the cup, adding a small amount
of soil to make up for that lost in the grooving

operation and repeat 11.1 to 11.3. If the soil
slides on the surface of the cup, repeat 1 1 . 1
through 11.3 at a higher water content. If, after
several trials at successively higher water con-
tents, the soil pat continues to slide in the cup or
if the number of blows required to close ihe
groove is always less than 25, record that the
liquid limit could not be determined, and report
the soil as nonplastic without performing the
plastic limit test.

11.5 Record the number of drops, N, required
to close the groove. Remove a slice of soil ap-
proximately the width of the spatula, extending
from edge to edge of the soil cake at right angles
to the groove and including that portion of the
groove in which the soil flowed together, place in
a weighed container, and cover.

11.6 Return the soil remaining in the cup to
the glass plate. Wash and dry the cup and groov-
ing tool and reattach the cup to the carriage ^
preparation for the next trial.

11.7 Remix the entire soil specimen on the
glass plate adding distilled water to increase the
water content of the soil and decrease the number
of blows required to close the groove. Repeat
1 1 . 1 through 11.6 for at least two additional trials
producing successively lower numbers of blows
to close the groove. One of the trials shall be for
a closure requiring 25 to 35 blows, one for closure
between 20 and 30 blows, and one trial for a
closure requiring 15 to 25 blows.

11.8 Determine the water content, WN, of the
soil specimen from each trial in accordance with
Method D 2216. Make all weighings on the sar
balance. Initial weighings should be performeo
immediately after completion of the test. If the
test is to be interrupted for more than about 15
min, the specimens already obtained should be
weighed at the time of the interruption.

12. Calculations
12.1 Plot the relationship between the water

content, WN, and the corresponding number of
drops, N, of the cup on a semilogarithmic graph
with the water content as ordinates on the arith-
metical scale, and the number of drops as abscis-
sas on the logarithmic scale. Draw the best
straight line through the three or more plotted
points.

12.2 Take the water content corresponding to
the intersection of the line with the 25-drop
abscissa as the liquid limit of the soil. Computa-
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tional methods may be substituted for the graph-
ical method for fi t t ing a straight line to the data
and determining the l iquid limit.

ONE-POINT LIQUID LIMIT— PROCEDURES
C AND D

13. Preparation of Test Specimens
13.1 Prepare the specimen in the same man-

ner as described in Section 10, except that at
mixing, adjust the water content to a consistency
requiring 20 to 30 drops of the liquid limit cup
to close the groove.

14. Procedure
14.1 Proceed as described in 11.1 through

1 1.5 except that the number of blows required to
close the groove shall be 20 to 30. If less than 20
or more than 30 blows are required, adjust the
water content of the soil and repeat the proce-
dure.

14.2 Immediately after removing a water
content specimen as described in 11.5, reform
the soil in the cup, adding a small amount of
soil to make up for that lost in the grooving and
water content sampling operations. Repeat 1 1.2
through 1 1.5. and, if the second closing of the
groove requires the same number of drops or no
more than two drops difference, secure another
water content specimen. Otherwise, remix the
entire specimen and repeat.

NOTE 11 — Excessive drying or inadequate mixing
will cause the number of blows to vary.

14.3 Determine water contents of specimens
as described in 1 1.8.

15. Calculations
1 5. 1 Determine the liquid limit for each water

content specimen using one of the following
equations:

/ . , \

LL = W- or

LL =

where:
N = the number of blows causing closure of the

groove at water content,
H'V = water content, and
K = a factor given in Table 1.

The liquid l imi t is the average of the two trial
liquid limit values.

15.2 If the difference between the two trial

l iquid l imi t values is greater than one percentage
point, repeat the test.

PLASTIC LIMIT

16. Preparation of Test Specimen
16.1 Select a 20-g portion of soil from the

material prepared for the liquid l imi t test, either
after the second mixing before the test, or from
the soil remaining after completion of the test.
Reduce the water content of the soil to a consist-
ency at which it can be rolled without sticking to
the hands by spreading and mixing continuously
on the glass plate. The drying process may be
accelerated by exposing the soil to the air current
from an electric fan, or by blotting with paper
that does not add any fiber to the soil, such as
hard surface paper toweling or high wet strength
filter paper.

17. Procedure
17.1 From the 20-g mass, select a portion of

1.5 to 2.0 g. Form the lest specimen into an
ellipsoidal mass. Roll this mass between the palm
or fingers and the ground-glass plate with just
sufficient pressure to roll the mass into a thread
of uniform diameter throughout its length (Note
12). The thread shall be further deformed on
each stroke so that its diameter is continuously
reduced and its length extended until the diam-
eter reaches 3.2 ±0.5 mm (0.125 ±.020 in.),
taking no more than 2 min (Note 13). The
amount of hand or finger pressure required will
vary greatly, according to the soil. Fragile soils of
low plasticity are best rolled under the outer edge
of the palm or at the base of the thumb.

NOTE 12—A normal rate of rolling for most soils
should be 80 to 90 strokes per minute, counting a
stroke as one complete motion of the hand forward and
back to the starting position. This rate of rolling may
have to be decreased for very fragile soils.

NOTE 13—A 3.2-mm ('/i-in.) diameter rod or tube
is useful for frequent comparison with the soil thread
to ascertain when the thread has reached the proper
diameter, especially for inexperienced operators.

17.1.1 When the diameter of the thread be-
comes 3.2 mm, break the thread into several
pieces. Squeeze the pieces together, knead be-
tween the thumb and first finger of each hand,
reform into an ellipsoidal mass, and reroll. Con-
tinue this alternate rolling to a thread 3.2 mm in
diameter, gathering together, kneading and re-
rolling, until the thread crumbles under the pres-



sure required for rolling and the soil can no
longer be rolled into a 3.2-mm diameter thread
(See Fig. 7). It has no significance if the thread
breaks into threads of shorter length. Roll each
of these shorter threads to 3.2 mm in diameter.
The only requirement for continuing the test is
that they are able to be reformed into an ellip-
soidal mass and rolled out again. The operator
shall at no time attempt to produce failure at
exactly 3.2 mm diameter by allowing the thread
to reach 3.2 mm, then reducing the rate of rolling
or the hand pressure, or both, while continuing
the rolling without further deformation until the
thread falls apart. It is permissible, however, to
reduce the total amount of deformation for feebly
plastic soils by making the initial diameter of the
ellipsoidal mass nearer to the required 3.2-mm
final diameter. If crumbling occurs when the
thread has a diameter greater than 3.2 mm, this
shall be considered a satisfactory end point, pro-
vided the soil has been previously rolled into a
thread 3.2 mm in diameter. Crumbling of the
thread will manifest itself differently with the
various types of soil. Some soils fall apart in
numerous small aggregations of particles, others
may form an outside tubular layer that starts
splitting at both ends. The splitting progresses
toward the middle, and finally, the thread falls
apart in many small platy particles. Fat clay soils
require much pressure to deform the thread,
particularly as they approach the plastic limit.
With these soils, the thread breaks into a series
of barrel-shaped segments about 3.2 to 9.5 mm
(l/s to Vs in.) in length.

17.2 Gather the portions of the crumbled
thread together and place in a weighed container.
Immediately cover the container.

17.3 Select another 1.5 to 2.0 g portion of soil
from the original 20-g specimen and repeat the
operations described in 17.1 and 17.2 until the
container has at least 6 g of soil.

17.4 Repeat 17.1 through 17.3 to make an-
other container holding at least 6 g of soil. De-
termine the water content, in percent, of the soil
contained in the containers in accordance with
Method D 2216. Make all weighings on the same
balance.

NOTE 14—The intent of performing two plastic
limit trials is to verify the consistency of the test results.
It is acceptable practice to perform only one plastic
limit trial when the consistency in the test results can
be confirmed by other means.

18. Calculations
18.1 Compute the average of the two water

contents. If the difference between the two water
contents is greater than two percentage points,
repeat the test. The plastic l imi t is the average of
the two water contents.

PLASTICITY INDEX

19. Calculations
19.1 Calculate the plasticity index as follows:

PI = LL - PL
where:
LL — the liquid limit,
PL — the plastic limit.

Both LL and PL are whole numbers. If either
the liquid limit or plastic limit could not be
determined, or if the plastic limit is equal to or
greater than the liquid limit, report the soil ?
nonplastic, NP. "—•

20. Report
20.1 Report the following information:
20.1.1 Sample identifying information,
20.1.2 Any special specimen selection process

used, such as removal of sand lenses from undis-
turbed sample,

20.1.3 Report sample as airdried if the sample
was airdried before or during preparation,

20.1.4 Liquid limit, plastic limit, and plastic-
ity index to the nearest whole number and omit-
ting the percent designation. If the l iquid l i m i t or
plastic l imit tests could not be performed, or
the plastic limit is equal to or greater than the""
liquid limit, report the soil as nonplastic, NP,
. 20.1.5 An estimate of the percentage of sam-
ple retained on the 425-nm (No. 40) sieve, and

20.1.6 Procedure by which liquid limit was
performed, if it differs from the multipoint
method.

21. Precision and Bias
21.1 No interlaboratory testing program has

as yet been conducted using this test method to
determine multilaboratory precision.

21.2 The within laboratory precision of the
results of tests performed by different operators
at one laboratory on two soils using Procedure A
for the liquid limit is shown in Table 2.
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TABLE 1 Factors for Obtaining Liquid Limit from Water TABLE 2 Within Laboratory Precision for Liquid Limit
Content and Number of Drops Causing Gosure of Groove Standard

——————————————.———————————————————— Average Value, i T-, • •
u K ____________________ Deviation, s

(Number of Drops)_____(Factor for Liquid Limit) Soil A:
TQ 0974 Pi- 21.9 1.07

21 0.979 LL 27.9 1-07
20 0935 Soil B:
23 0.990 PL 20.1 1.21
24 0.995 ____^_________32.6 ____ 0.98
25 .000 ——————————————————————————————————
26 -005
27 -009
23 -014
29 .018
30 .022
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DIMENSIONS
LETTER
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2
± O.I
G
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2
±0.1
N
20
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° BACK AT LEAST 15 MM FROM TIP

NOTE : DIMENSION A SHOULD BE 1.9-2.0 AND DIMENSION D

SHOULD BE 8.O-8.I WHEN NEW TO ALLOW FOR

ADEQUATE SERVICE LIFE

T
G
JL

FIG. 2 Grooving Tool (Optional Height-of-Drop Gage Attached)

———— 50 ——————— 10
±.05

SECTION
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DIMENSIONS IN MILLIMETRES
FIG. 3 Height of Drop Gage
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POINT WHERE
CUP CONTACTS BASE

HEIGHT GAUGE

•MASKING TAPE APPLIED AS AID
IN ADJUSTMENT OPERATION

K1G. 4 Calibration for Height of Drop

K1G. 5 Grooved Soil Pat in Liquid Limit Device
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FIG. 6 Soil Pal After Groove Has Closed
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FIG. 7 Lean Clay Sail al ihe Plastic Limit

The American Swclvlor Text ins and Materials lakes no position respecting the validity i>J'any patent rights asserted in connection
milt anv item mentioned in this standard. Users of this standard are e.\pressly advised that determination of the validity of any such
patent ri^hl.s. and the risk »finfrinKcment of such rights, are entirely their awn responsibility.

This standard is subject to revision at any time hy the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments arc invited either for revision of this standard or lor additional
standards and should he addressed to .I.ST.U Headquarters. Your comments will receive careful consideration al a meeting of the
responsible technical committee, which vim mar attend. If you led that your comments have not received a lair hcarint: you should
make your views known to the .\ST.\I Committee on Standards. IV/6 Race St.. I'hiladelphia. !'a. IVIOj.
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Designation: D 427 - 83'1

Standard Test Method for
SHRINKAGE FACTORS OF SOILS1

This standard is issued under the fixed designation D 427; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year oflast revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (i) indicates an editorial change since the last revision or reapproval.

•' NOTE—Paragraph 6.3.1 was editorially added in April 1984.

1. Scope
1.1 This test method covers tests for obtaining

the data from which the following subgrade soil
constants may be calculated: shrinkage l imit ,
shrinkage ratio, volumetric shrinkage, linear
shrinkage, and specific gravity (approximate).

1.2 The values stated in inch-pound units are
to be regarded as the standard.

1.3 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safety and health practices
and determine the applicability of regulatory limi-
tations prior to use. For specific precaution state-
ments, see 6.3.1.
2. Applicable Document

2.1 ASTM Standard:
D421 Practice for Dry Preparation of Soil

Samples for Particle-Size Analysis and De-
termination of Soil Constants2

3. Significance and Use
3.1 The shrinkage factors covered in this test

method can only be determined on basically fine-
grained (cohesive) soils which exhibit a dry
strength when oven dried.

3.2 The term "shrinkage limit", expressed as
a water content in percent, is typically assumed
to represent the amount of water required to fill
the voids of a given cohesive soil at its min imum
void ratio obtained by drying (usually oven).
Thus, the concept shrinkage limit can be used to
evaluate the shrinkage potential, or possibility of
development, or both, of cracks in earthworks
involving cohesive soils.

4. Apparatus
4.1 Evaporating Dish, porcelain, about 51/: in.

(139.7 mm) in diameter.
4.2 Spatula, or pill knife having a blade about

3 in. (76.2 mm) in length and about 3/j in (19.0
mm) in width.

4.3 Shrinkage Dish—A circular porcelain or
monel metal milk dish having a fiat bottom and
being about 1% in. (44.4 mm) in diameter and
about '/2 in. (12.7 mm) in height.

4.4 Straightedge, steel, about 6 in. (150 mm)
in length.

4.5 Glass Cup, about 2'/-« in. (57.2 mm) in
diameter and about l'/i in. (31.8 mm) in height,
the top rim of which is ground smooth and is in
a plane essentially parallel with the bottom of the
cup.

4.6 Glass Plate, with three metal prongs for
immersing the soil pat in mercury, as shown in
Fig. 1.

4.7 Graduate, glass, having a capacity of 25
mL and graduated to 0.2 mL.

4.8 Balance, sensitive to 0.1 g.
4.9 Mercury, sufficient to fill the glass cup to

overflowing.

5. Sampling
5.1 Take a sample weighing about 30 g from

the thoroughly mixed portion of the material
passing the No. 40 (425-u.m) sieve which has
been obtained in accordance with Practice D 421.

'This method is under the jurisdiction of ASTM Committee
D-18 on Soil and Rock and is the direct responsibility of
Subcommittee D 18.03 on Texture, Plasticity, and Densiiy
Characteristics of Soils.

Current edition approved Nov. 28. 1983. Published January
1984. Originally issued as D427 - 35. Last previous edition
D 4 2 7 - 6 I (1974).

1 Annual Book of ASTM Standards. Vol 04.08.



6. Procedure
6.1 Place the sample in the evaporating dish

and thoroughly mix with distilled water in an
amount sufficient to fill the soil voids completely
and to make the soil pasty enough to be readily
worked into the shrinkage dish without the inclu-
sion of air bubbles. The amount of water required
to furnish friable soils with the desired consist-
ency is equal to or slightly greater than the liquid
limit, and the amount necessary to furnish plastic
soils with the desired consistency may exceed the
liquid l imit by as much as 10 %.

6.2 Coat the inside of the shrinkage dish with
a thin layer of petroleum jelly or some other
heavy grease to prevent the adhesion of the soil
to the dish. Place an amount of the wetted soil
equal to about one third the volume of the dish
in the center of the dish, and cause the soil to
flow to the edges by taping the dish on a firm
surface cushioned by several layers of blotting
paper or similar material. Add an amount of soil
approximately equal to the first portion, and tap
the dish until the soil is thoroughly compacted
and all included air has been brought to the
surface. Add more soil and continue the tapping
un t i l the dish is completely filled and excess soil
stands out about its edge. Strike off the excess
soil with a straightedge, and wipe off all soil
adhering to the outside of the dish.

6.3 Weigh the dish immediately after it is
filled and struck off and record the mass as the
mass of dish and wet soil. Allow the soil pat to
dry in air until the color of the pat turns from
dark to light. Oven-dry the pat to constant mass
at 230 ±9°F (110 ±5°C), the mass being recorded
as the mass of dish and dry soil. Determine and
record the mass of the empty dish. Determine
the capacity of the dish in cubic centimetres,
which is also the volume of the wet soil pat, by
filling the dish to overflowing with mercury, re-
moving the excess by pressing a glass plate firmly
over the top of the dish, and measuring by means
of a glass graduate the volume of mercury held
in the dish (see 6.3.1). Record this volume as the
volume of the wet soil pat, V.

6.3.1 CAUTION: Mercury is a hazardous
substance which can cause serious health effects
from prolonged inhalation of the vapor or con-
tact with the skin. The following precautions
should be followed whenever mercury is used in
the laboratory: (1) Always store mercury in a
shatterproof, sealed container, (2) Always work
with mercury in a well ventilated area, preferably

under a fume hood, (3) Avoid direct contact with
mercury liquid; wear rubber gloves if direct con-
tact with mercury is unavoidable, (4) Prevent
uncontrolled spills by performing that part of the
procedure requiring the use of mercury in a large
pan which can act as a catchment should mercury
be spilled during the procedure, and (5) Uncon-
trolled spills must be cleaned up as thoroughly
as possible; mercury spill clean-up materials may
be necessary and can be obtained from laboratory
supply companies.

6.4 Determine the volume of the dry soil pat
by removing the pat from the shrinkage dish and
immersing it in the glass cup full of mercury in
the following manner: Fill the glass cup to over-
flowing with mercury and remove the excess
mercury by pressing the glass plate with the three
prongs (Fig. 1) firmly over the top of the cup.
Carefully wipe off any mercury that may be
adhering to the outside of the cup. Place the cup,
filled with mercury, in the evaporating dish and
place the soil pat on the surface of the mercury.
Carefully force the pat under the mercury by-
means of the glass plate with the three prongs
(Fig. 1) and press the plate f irmly over the top of
the cup. It is essential that no air be trapped
under the soil pat. Measure the volume of the
mercury so displaced in the glass graduate and
record as the volume of the dry soil pat. Vn.

1. Calculation of Moisture Content
7.1 Calculate the moisture content of the soil

at the time it was placed in the dish expressed as
a percentage of the dry mass ofthe soil as follows:

W=[(W- \VQ}/WQ\ x 100
where:
w = moisture content of the soil when placed

in the dish,
W = mass of wet soil pat obtained by subtract-

ing the mass of the shrinkage dish from
the mass of the dish and wet pat, and

W0 = mass of dry soil pat obtained by subtract-
ing the mass of the shrinkage dish from
the mass ofthe dish and dry pat.

8. Shrinkage Limit
8.1 The shrinkage limit of a soil is the maxi-

mum water content at which a reduction in water
content will not cause a decrease in the volume
ofthe soil mass.

8.2 Calculate the shrinkage limit, SL, from
the data obtained in the volumetric shrinkage
determination, as follows:
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SL = w - \[(V - V0)PJW0] x 100|

where:
SL = shrinkage l imi t ,
w = moisture content of wet soil, in percent-

age of the mass of oven-dried soil,
V = volume of wet soil pat, ft3 (cm3),
KO = volume of dry soil pat, ft3 (cm3),
W0 = mass of oven-dried soil pat, Ib (g), and

/>„• = density of water, 62.4 lb/ft3 or 1.0 g/cm3.
8.3 Optional Method—When both the spe-

cific gravity, G,, and the shrinkage ratio, R, are
known, calculate the shrinkage limit as follows:

SL = [(I//?) -(!/(?,)] x 100

9. Shrinkage Ratio
9.1 The shrinkage ratio of a soil is the ratio of

a given volume change, expressed as a percentage
of the dry volume, to the corresponding change
in water content above the shrinkage limit, ex-
pressed as a percentage of the mass of oven-dried
soil.

9.2 Calculate the shrinkage ratio, R, from the
data obtained in the volumetric shrinkage deter-
mination by the following equation:

R = nyj/0 x p..
10. Volumetric Shrinkage

10.1 The volumetric shrinkage of the soil is
the decrease in volume, expressed as a percentage
of the soil mass when dried, of a soil mass when
the water content is reduced from a given per-
centage to the shrinkage l imit .

10.2 The volumetric shrinkage, K,, shall be
calculated from the data obtained in the volu-
metric shrinkage determination by the following
equation:

K, = (w, - SL)R
where:
vt'i = given percentage of water content.
SL = shrinkage limit, and
R = shrinkage ratio.

11. Linear Shrinkage
11.1 The linear shrinkage of a soil is the de-

crease in one dimension of a soil mass expressed
as a percentage of the original dimension, when
the water content is reduced from a given value
to the shrinkage limit.

11.2 The linear shrinkage, L5, shall be ob-
tained by means of the following equation:

L, = 100 [1 - ^IOO/(K, + 100)]

12. Specific Gravity
1 2. 1 The specific gravity of the soil solids, G>,

may be calculated from the data obtained in the
volumetric shrinkage test by the following equa-
tion:

- (SL/IOQ)]

13. Precision and Bias
13.1 Requirements for the precision and bias

of this test method have not yet been developed.

134



3"X3*CLAS5

/*V

BRASS PINS SECURED
WITH BALSAM.

BEFORE SHRINKAGE AFTER SHRINKAGE

EVAPORATING DISH-

DETAILS OF GLASS PLATE- TOP OF CLASS DISH
GROUND SURFACE

MERCURY DISPLACED
BY SOIL PAT

METHOD OF OBTAINING DISPLACED MERCURY.

Metric Equivalents

in.
mm

'/JZ
0.8 1.6 3.2 5.6 11.1

"/it
23.8

3
76.2

FIG. 1 Apparatus for Determining the Volumetric Change of Subgrade Soils

The American Society for Tenting and Materials takes no position respecting the validity of any patent rights asserted in conned ion
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject in revision at any time by the responsible technical committee and must be reviewed every Jive years and
if not raised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or far additional
standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards. 1916 Race St.. Philadelphia. Pa. 19103.
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SHRINKAGE LIMIT TEST

Project Job No.

Location of Project

Description of Soil .

Tested By —————

Wt. of coated dish + wet soil =

Wt. of coated dish + dry soil =

Wt. of coated dish =

Wt. of soil, \V,

Wt. of Water. Ww =

Water content. it,% =

Vol. of Wet Soil, V.

Vol. of Dry Soil. V,

Shrinkage limit, i«;.v = iuu —

Boring No.

Depth of Sample

Date of Testing _

— 9

__ g

— 9

— 9

— 9

Sample No.

______.__ cu cm (Step 5 of procedure: Vol. of
shrinkage disn = V.)

________ cu cm (Step 7 of procedure)

** i
innluu

Shrinkage ratio.SR = W./V, =
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Designation: D 422 - 63 (Reapproved 1990)el

Standard Test Method for
Particle-Size Analysis of Soils1

Thtj iiandard n Issued under ihe fixed doignition D *;;•. the number immediiiely follo^Hnj IS« designation indicates the year of
oritjful adoption or. in the cue of revision, tne ytir of las revision. A number in parentheses indicates the year of last reapprovil. A
superscript epsilon (<) indicates in editorial change since the list revision or reapproval.

" NOTE—Section 19 w« added editorially in September 1990.

;i

1. Scope
1.1 This test method coven the quantitative determina-

tion of the distribution of particle sizes in soils. The
distribution of particle sizes larger than 75 Jim (retained on
the No. 200 sieve) is determined by sieving, while the
distribution of particle sizes smaller than 75 um is deter-
mined by a sedimentation process, using a hydrometer to
xure the necessary data (Notes 1 and 2).

" NOTE 1—Separation may be made on the No. 4 (4.75-ram), No. 40
(425-nm), or No. 200 (75-um) sieve instead or the No. 10. For whatever
sieve uv*t. the g'*g shall be indicated in the irpon.

NOTE 2—Two types of dispersion devices are provided: (/) a
hi(h-speed mechanical stirrer, and (7) air dispersion. Extensive investi-
gations indicate that air-dispersion devices produce a more positive
dispersion of plastic soils below the 20-um «"* and appreciably less
degradation on all vzn when used with sandy soils. Because of the
definite advantages favoring air dispersion, its use is recommended. The
results from the two types of devices differ in magnitude, depending
upon soil type, leading to marked differences in particle size distribu-
tion, especially for sizes finer than 20 urn.

2. Referenced Documents
2.1 ASTM Standards:
D421 Practice for Dry Preparation of Soil Samples for

Particle-Size Analysis and Determination of Soil
Constants2

Ell Specification for Wire-Cloth Sieves for Testing
Purposes3

E 100 Specification for ASTM Hydrometers4

3. Apparatus
1 3.1 Balances—A. balance sensitive to 0.01 g for weighing
the material passing a No. 10 (2.00-mm) sieve, and a balance
sensitive to 0.1 % of the mass of the sample to be weighed for
weighing the material retained on a No. 10 sieve.

3.2 Stirring Apparatus—Either apparatus A or B may be
used.

3.2.1 Apparatus A shall consist of i mechanically oper-

' Tluilcn method nuiKfcr the juritdkikm of ASTM Committee D-11 on Soil
ind Rock and » ihe direct nsoonobiliry of Subcommittee D11.03 on Tenure,
PlMJichy. and Dentity Quncicnnia of Soils.

Current edition approved Nov. 21. 1963. Oriciiully published 1935. Replaces
D 422 -62.

'Annual Book of ASTM Standards, Vol 04.01.
'Annual took of ASTM Standards. Vo) 14.02.
' Annual took of ASTM Standard}, Vol 14.03.

ated stirring device in which a suitably mounted electric
motor turns a vertical shaft at a speed of not less than 10 000
rpm without load. The shaft shall be equipped with a
replaceable stirring paddle made of metal, plastic, or hard
rubber, as shown in Fig. 1. The shaft shall be of such length
that the stirring paddle will operate not less than 'A in. (19.0
mm) nor more than 1'A in. (38.1 mm) above the bottom of
the dispersion cup. A special dispersion cup conforming to
either of the designs shown in Fig. 2 shall be provided to hold
the sample while it is being dispersed.

3.2.2 Apparatus B shall consist of an air-jet dispersion
cup5 (Note 3) conforming to the general details shown in Fig.
3 (Notes 4 and 5).

NOTE 3—The amount of air required by an air-jet dispersion cup is
of the order of 2 ftj/min; some small air compressors are not capable of
supplying sufficient air to operate a cup.

NOTE 4—Another air-type dispersion device, known as a dispersion
tube, developed by Chu and Oavidson at Iowa Slate College, has been
shown to give results equivalent to those secured by the air-jet dispersion
cups. When it is used, soaking of the sample can be done in the
sedimentation cylinder, thus eliminating the need for transferring the
slurry. When the air-dispersion tube is used, it shall be so indicated in
the report.

NOTE 3—Water may condense in air lines when not in use. This
water must be removed, either by using a water trap on the air line, or by
blowing the water out of the line before using my of the air for
dispersion purposes.

3.3 Hydrometer—An ASTM hydrometer, graduated to
read in cither specific gravity of the suspension or grams per
litre of suspension, and conforming to the requirements for
hydrometers 151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale being the
only item of difference.

3.4 Sedimentation Cylinder—A glass cylinder essentially
18 in. (457 mm) in height and 2'A in. (63.5 mm) in diameter,
and marked for a volume of 1000 ml_ The inside diameter
shall be such that the 1000-raL mark is 36 ± 2 cm from the
bottom on the inside.

3.5 Thermometer—A thermometer accurate to IT
(0.5-Q.

3.6 Sieves—A series of sieves, of square-mesh woven-wire
cloth, conforming to the requirements of Specification E l l .
A full set of sieves includes the following (Note 6):

1 Detailed workinf drawings for thU cup are available at a nominal cost from
the American Society for Testint and Materials. 1916 Race St., Philadelphia, PA
19103. Order Adjunct No. 12-404220-00.
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L
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No. 13 8W Go -0.049'

Chrome Plated

i 0.001"

(a) Ib)
Metric Equivalents

0.001
0.03

0.049
1.24

0.203 Vi
5.16 12.7

V.
19.0

FIG. 1 Detail ol Stirring Paddles

3-in. (75-mm)
2-in. (JO-mm)
IVi-in. (37.5-mra)
I-in. (25.0-mm)
V-in. (19.0-mm)
Vf-'m. (9.5-mm)
No.'4 (4.75-mmX

No. 10 (2.00-mm)
No. 20 (850^im)
No. 40 (425-tim)
No. 60 (250-(im)
No. I40(l06-»im)
No. 200 (73-»im)

NOTE 6rr-A. set of sieves giving uniform spacing of points for the
graph, as required in Section 17, may be used if desired. This set consists
of the following sieves:

3-in. (75-tnm)
' IVVin. (37.5-mm)
:V-in.( 19.0-mm)
. ft-in. (9.J-mm)
No. 4 (4J}Hnm)
No. S (2-W-mm)

No. I6(1.18-mm)
No. 30 (600-jim)
No. JO (300-tim)
No. lOO(UO-tim)
No. 200 (75-)»m)

3.7 Water~~Baih- or Constant-Temperature Room—A
water bath or constant-temperature room for maintaining
the soil suspension at a constant- temperature during the
hydrometer analysis. A satisfactory water tank is an insulated
tank that maintains-the-temperature of the suspension at a
convenient constant temperature at or near 68"F (20*Q.
Such a device is illustrated in Fig. 4. In cases where the work
is performed, in a room at an automatically controlled
constant temperature, the water bath is not necessary.

3.8 Beaker—A.beaker of 250-mL capacity. ;
3.9 Timing Device—A watch or clock with a second

hand.

4. Dispersing Agent
4.1 A solution of sodium hexametaphosphate (sometimes

called sodium metaphosphate) shall be used in distilled or
demineralized water, at the rate of 40 g of sodium
hexametaphosphate/litre of solution (Note 7).

NOTE 7—Solutions of this salt, if acidic, slowly revert or hydrolyze
back to the onhophosphate form with a resultant decrease in dispersive
action. Solutions should be prepared frequently (at least once a month)
or adjusted to pH of 8 or 9 by means of sodium carbonate. Bottles
containing solutions should have the date of preparation marked on
them.

4.2 All water used shall be either distilled or
demineralized water. The water for a hydrometer test shall

1——2.6

Metric Equivalent*

1.3
33

2.6
66

3.7S
9S.2

FIG. 2 Dispersion Cups of Apparatus

be brought to the temperature that is expected to pnr
during the hydrometer test. For example, if the sediment
tion cylinder is to be placed in the water bath, the distilled i
demineralized water to be used shall be brought to
temperature of the controlled water bath; or, if the sedim
tation cylinder is used in a room with controlled temper
lure, the water for the test shall be at the temperature of •'
room. The basic temperature for the hydrometer test is 6;
(20*C). Small variations of temperature do not introdu
differences that are of practical significance and do n
prevent the use of corrections derived as prescribed.
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e«oss «CTK>«
a* a

FIG. 3 Air-Jet Dispermlon Cup* of Apparatus B

5. Test Sample
5.1 Prepare the test sample for mechanical analysis as

N—-outlined in Practice D421. During the preparation proce-
dure the sample is divided into two portions. One portion
contains only particles retained on the No. 10 (2.00-mm)
sieve while the other portion contains only particles passing
the No. 10 sieve. The mass of air-dried soil selected for
purpose of tests, as prescribed in Practice D421, shall be
sufficient to yield quantities for mechanical analysis as
follows:

5.1.1 The size of the portion retained on the No. 10 sieve
shall depend on the maximum size of panicle, according to
the following schedule:

Nominal Diameter of
Largest Panicles,

in. (mm)

*<«)
' . V. (19.0)

I (23.4)
1 >/i (31.1)
2 (50.8)
3 P6.J)

Approximate Minimum
Mas of Portion, | .

200
1000
2000
3000
4000
JOOO

5.1.2 The size of the portion passing the No. 10 sieve shall
be approximately 115 g for sandy soils and approximately 65
g for silt and clay soils.

5.2 Provision is made in Section 5 of Practice D 421 for
weighing of the air-dry soil selected for purpose of tests, the
separation of the soil on the No. 10 sieve by dry-sieving and
washing, and the weighing of the washed and dried fraction
retained on the No. 10 sieve. From these two masses the
percentages retained and passing the No. 10 sieve can be
calculated in accordance with 12.1.

NOTE I—A check on the mass values and the thoroughness of
pulverization of the clods may be secured by weighing the portion
passing the No. 10 sieve and adding this value to the mass of the washed
and oven-dried portion retained on the No. 10 sieve.

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10
C-OO-mm) SIEVE

6. Procedure
6.1 Separate the portion retained on the No. 10 (2.00-

mm) sieve into a series of fractions using the 3-in. (75-mm),

-&•-

t——\———-'—^--Cohonfieef Shccf Mcfof-

2'Cork IntuloHon ——— \—\- ————

Snaf Plate

'A
22.2 25.*

3
762

6%
158.2

14
3S6

37
940

• FIG. 4 Inaulaled Water Bath

2-in. (50-mm), 'IVt-ln. (37.5-mm), 1-in. (25.0-mm), 3/.-in.
(19.0-mra), %-in. (9.5-mm), No. 4 (4.75-mm), and No. 10
sieves, or as many as may be needed depending on the
sample, or upon' the specifications for the material under
test.

6-2 Conduct the sieving operation by means of a lateral
and vertical motion of the sieve, accompanied by a jarring
action in order to keep the sample moving continuously over
the surface of the sieve. In no case turn or manipulate
fragments in the sample through the sieve by hand. Continue
sieving until not more than 1 mass % of the residue on a
sieve passes that sieve during J min of sieving. When
mechanical sieving is used, test the thoroughness of sieving
by using the hand method of sieving as described above.

6.3 Determine the mass of each fraction on a balance
conforming to the requirements of 3.1. At the end of
weighing, the sum of the masses retained on all the sieves
used should equal closely the original mass of the quantity
sieved.
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HYDROMETER AND SIEVE ANALYSIS OF PORTION
PASSING THE NO. 10 (2.00-mm) SIEVE

7. Determination of Composite Correction for Hydrometer
Reading

7.1 Equations for percentages of soil remaining in suspen-
sion, as given in 14.3, are based on the use of distilled or
demineralized water. A dispersing agent is used in the water,
however, and the specific gravity of the resulting liquid is
appreciably greater than that of distilled or demineralized
water.

7.1.1 Both soil hydrometers are calibrated at 68'F (20'C),
and variations in temperature from this standard tempera-
ture produce inaccuracies in the actual hydrometer readings.
The amount of the inaccuracy increases as the variation
from the standard temperature increases.

7.1.2 Hydrometers are graduated by the manufacturer to
be read at the bottom of the meniscus formed by the liquid
on the stem. Since it is not possible to secure readings of soil
suspensions at the bottom of the meniscus, readings must be
taken at the top and a correction applied.

7.1.3 The net amount of the corrections for the three
items enumerated is designated as the composite correction,
and may be determined experimentally.

7.2 For convenience, a graph or table of composite
corrections for a series of 1* temperature differences for the
range of expected test temperatures may be prepared and
used as needed. Measurement of the composite corrections
may be made at two temperatures spanning the range of
expected test temperatures, and corrections for the interme-
diate temperatures calculated assuming a straight-line rela-
tionship between the two observed values.

7.3 Prepare 1000 mL of liquid composed, of distilled or
demineralized water and dispersing agent in the same
proportion as will prevail in the sedimentation (hydrometer)
test. Place the liquid in a sedimentation cyclinder and the
cylinder in the constant-temperature water bath, set for one
of the two temperatures to be used. When the temperature of
the liquid becomes constant, insert the hydrometer, and,
after a short interval to permit the hydrometer to come to the
temperature, of the liquid, read the hydrometer at the top of
the meniscus formed on the stem. For hydrometer 151H the
composite correction is the difference between this reading
and one; for hydrometer 152H it is the difference between
the reading and zero. Bring the liquid and the hydrometer to
the other temperature to be used, and secure the composite
correction as before.

8. Hygroscopic Moisture
8.1 When the sample is weighed for the hydrometer test,

weigh out an auxiliary portion of from 10 to 15 g in a small
metal or glass container, dry the sample to a constant mass in
an oven at 230 ± 9"F (110 ± 5*C), and weigh again. Record
the masses.

9. Dispersion of Soil Sample
9.1 When the soil is mostly of the clay and silt sizes, weigh

out a sample of air-dry soil of approximately 50 g. When the
soil is mostly sand the sample should be approximately 100
g.

9.2 Place the sample in the 250-mL beaker and cove: ••
125 mL of sodium hexametaphosphatc solution (^0 g, '
Stir until the soil is thoroughly wetted. Allow to soak for
least 16 h.

9.3 At the end of the soaking period, disperse the sar.
further, using either stirring apparatus A or B. If snrrv
apparatus A is used, transfer the soil - water slum- from
beaker into the special dispersion cup shown in F:g.
washing any residue from the beaker into the cup •*•.
distilled or demineralized water (Note 9). Add distilled :
demineralized water, if necessary, so that the cup is rr
than half full. Stir for a period of 1 min.

NOTE 9—A large size syringe is a convenient device for handlir.j :
water in the washing operation. Other devices include the wash--
book and a hose with nozzle connected to a pressurized distilled •-
tank.

9.4 If stirring apparatus B (Fig. 3) is used, remove •
cover cap and connect the cup to a compressed air suppi;
means of a rubber hose. A air gage must be on the
between the cup and the control valve. Open the com:
valve so that the gage indicates 1 psi (7 kPa) pressure (>'
10). Transfer the soil - water slurry from the beaker to
air-jet dispersion cup by washing with di ;d
demineralized water. Add distilled or demineralize^s^atjr.
necessary, so that the total volume in the cup is 250 mL,
no more.

NOTE 10—The initial air pressure of 1 psi is required to privcn; :
soil - water mixture from entering the air-jet chamber when the nib
is transferred to the dispersion cup.

9.5 Place the cover cap on the cup and open the ;
control valve until the gage pressure is 20 psi (1-0 k3

Disperse the soil according to the following schedule:
Dupcnion Period,

mid
5

"lO
U

PUflicity Index
• Under J .

6 to 20
Over 20

Soils containing large percentages of mica need be disper;
for only 1 min. After the dispersion period, reduce the .
pressure to .1 psi preparatory to transfer of soil - w si
to the sedimentation cylinder. —

10. Hydrometer Test
10.1 Immediately after dispersion, transfer the soil - wa

slurry to the glass sedimentation cylinder, and add disii"
or demineralized water until the total volume is 1000 IT

10.2 Using the palm of the hand over the open end o
cylinder (or a rubber stopper in the open end), turn
cylinder upside down and back for a period of 1 mi
complete the agitation of the slurry (Note 11). At the er.
1 min set the cylinder in a convenient location and :
hydrometer readings at the following intervals of ;;
(measured from the beginning of sedimentation), or as r.
as may be needed, depending on the sample or the sped
tion for the material under test: 2, 5. 15, 30, 60, 250.
1440 min. If the controlled water bath is used, the sedir
tation cylinder should be placed in the bath between th
and 5-min readings.

NOTE 11—The number of turns during ihis minute shouic
approximately 60, counting the turn upside down and back as two '
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Any soil remaining in the bottom of the cylinder during the first few

turns should be loosened by vigorous shaking of the cylinder while it is
in the inverted position.

10.3 When it is desired to uke a hydrometer reading,
carefully insert the hydrometer about 20 to 25 s before the
reading is due to approximately the depth it will have when
the reading is taken. As soon as the reading is taken, carefully
remove the hydrometer and place it with a spinning motion
in a graduate of clean distilled or demineralized water.

NOTE 12—It is important to remove the hydrometer immediately
after each reading. Readings shall be taken at the top of the meniscus
formed by the suspension around the stem, since it is not possible to
secure readings at the bottom of the meniscus.

10.4 After each reading, take the temperature of the sus-
pension by inserting the thermometer into the suspension.

1 1 . Sieve Analysis . . . .
11.1 After taking the finaJ hydrometer reading, transfer

the suspension to a No. 200 (75-u.m) sieve and wash with tap
er until the wash water is clear. Transfer the material on

\fie No. 200 sieve to a suitable container, dry in an oven at
230 ± 9'F (110 ± 5*C) and make a sieve analysis of the
portion retained, using as many sieves as desired, or required
for the material, or upon the specification of the material
under test. - • . - . - ' . { f t :i;: •

CALCULATIONS AND REPORT
• • . . -VI :r; -. . - : • • ,

12. Sieve Analysis Values for the Portion ̂ oarser than the
No. 10 (2.00-mm) Sieve ' ' ''

12.1 Calculate the percentage passing the No! 10 sieve by
dividing the mass passing the No. 10 sieve by the mass of soil
originally split on the No. 10 sieve, and multiplying the result
by 100. To obtain the mass passing the No. 10 sieve, subtract
the mass retained on the No. 10 sieve from the original mass.

12.2 To secure the total mass of soil passing the No. 4
'4.75-mm) sieve, add to the mass of the material passing the

X 10 sieve the mass of the fraction passing the No. 4 sieve
and retained on the No. 10 sieve. To secure the total mass of
soil passing the 3A-in. (9.5-mm) sieve, add to the total mass of
soil passing the No. 4 sieve, the mass of the fraction passing
the 3A-in. sieve and retained on the No. 4- sieve. For the
remaining sieves, continue the calculations in the same
manner.

12.3 To determine the total percentage passing for each
sieve, divide the total mass passing (see 12.2) by the total
mass of sample and multiply the result by 100. • . . .

13. Hygroscopic Moisture Correction Factor . - .
13.1 The hydroscopic moisture correction factor is the

ratio between the mass of the oven-dried sample and the
air-dry mass before drying. It is a number less than one,
except when there is no hygroscopic moisture.

14. Percentages of Soil in Suspension
14.1 Calculate the oven-dry mass of soil used in the

hydrometer analysis by multiplying the air-dry mass by the
hygroscopic moisture correction factor.

14.2 Calculate the mass of a total sample represented by
the mass of soil used in the hydrometer test, by dividing the
oven-dry mass used by. the percentage passing the No. 10
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TABLE 1 Values

Specific G'a

295
250
2 S 5
2.80
2.75
2.70
2.65
2.60
2.55
2.50
2.*5

of Correction Factor, a, for Different Specific
Gravities of Soil Particles'*

vity Correction Fac:<x *

0.94
095
0.96
097
098
0.99
1.00
1.01
1.02
1.03
1.05

* For use in equauon for percentage of sol remaining in suspension wtien using
Hydrometer 152H.

(2.00-mm) sieve, and multiplying the result by 100. This
value is the weight W in the equauon for percentage
remaining in suspension. . . .

14.3 The percentage of soil remaining in suspension at the
level at which the hydrometer is measuring the density of the
suspension may be calculated as follows (Note, 13): For
hydrometer 15 1H: " .' ."•

P= 1(100 000/HO x G/(G -
NOTE 13 — The bracketed portion of the equation for hydrometer

151H is constant fora series of readings and may be calculated first and
then multiplied by the portion in the parentheses.

For hydrometer 152H: . ...
P = (Ra/W) x 100

where: • - . .
a = correction faction to be applied to the reading of

hydrometer 152H. (Values shown on the scale are
computed using a specific gravity of 2.65. Correction
factors are given in Table 1),

P = percentage of soil remaining in suspension at the level
at which the hydrometer measures the density of the
suspension,

R = hydrometer reading with composite correction ap-
plied (Section 7),

W = oven-dry mass of soil in a total test sample repre-
sented by mass of soil dispersed (see 14.2), g,

G = specific gravity of the soil particles, and
G, = specific gravity of the liquid in which soil panicles are

suspended. Use numerical value ' of one in both
instances in the equation. In the first instance any
possible variation produces no significant effect, and
in the second instance, the composite correction for R
is based on a value of one for (?,.

15. Diarneter of Soil Particles
.15.1 The diameter of. a particle corresponding to the

percentage indicated by a given hydrometer reading shall be
calculated according to Stokes' law (Note 14), on the basis
that a particle of this diameter was at the surface of the
suspension at the beginning of sedimentation and had settled
to the level at which the hydrometer is measuring the density
of the suspension. According to Stokes' law:

£>- V[30/i/980((; - G,)] x L/T
where:
D - diameter of panicle, mm,
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n = coefficient of viscosity of the suspending medium (in
this case water) in poises (varies with changes in
temperature of the suspending medium),

L = distance from the surface of the suspension to the
level at which the density of the suspension is being
measured, cm. (For a given hydrometer and sedimen-
tation cylinder, values vary according to the hydrom-
eter readings. This distance is known as effective
depth (Table 2)),

T = interval of time from beginning of sedimentation to
the taking of the reading, min, • / '•

G * specific gravity of soil particles, and -
G, = specific gravity (relative density) of suspending me-

dium (value may be used as 1.000 for all practical
purposes). - '

MOTE 14—Since Stokes' law considers the terminal velocity of a
single sphere falling in an infini ty ofliquid, the sizes calculated represent
the diameter of spheres thai would fall at the same rate as the soil
panicles.

15.2 For convenience in calculations the above equation
may be written as follows:

where:
K = constant depending on the temperature of the suspen-

sion and the specific gravity of the soil panicles. Values
of K for a range of temperatures and specific gravities
are given in Table 3. The value of K does not change for
a series of readings constituting a test, while values of L
and 7" do vary.

15.3 Values of D may be computed with sufficient accu-
racy, using an ordinary 10-in. slide rule. ' • ' "

NOTE 15—The value of L is divided byT using the A- and 5-scaJes.
the square root being indicated on the .D-sale. Without ascertaining the
value of the square root it may be multiplied by K, using either the C- or
C7-scale,

16. Sieve Analysis Values for Portion Finer than No. 10
(2.00-mm) Sieve

16.1 Calculation of percentages passing the various sieves^
used in sieving the portion of the sample from the hydrom-
eter test involves several steps. The first step is to calculate
the mass of the fraction that would have been retained on the
No. 10 sieve had it not been removed. This mass is equal to
the total percentage retained on the No. 10 sieve (100 minus
total percentage passing) times the mass of the total sample
represented by the mass of soil used (as calculated in 14.2),
and the result divided by 100.

16.2 Calculate next the total mass passing the No. 200
sieve. Add together the fractional masses retained on all the
sieves, including the No. 10 sieve, and subtract this sum from
the mass of the total sample (as calculated in 14.2).

16.3 Calculate next the total masses passing each of the
other sieves, in a manner similar to that given in 12.2.

16.4 Calculate last the total percentages passing by di-
viding the total mass passing (as calculated in 16.3) by the
total mass of sample (as calculated in 14.2), and multiply the
result by 100.

17. Graph
17.1 When the hydrometer analysis is performed, a graph

TABIE 7 VaK>ri of Effective D*ptf) B«*«d on Hydrometer end
S*dWne«ilitioo Cylioder of Specified Size**

Hydrometer 151H

Actutf Effective
Hydrometer Depot.

Reeding I, cm

1.000
1.001
1.002
1.003
1.004
1.005

' '1.006
1.007
1.0C8
1.009
1.010

1.011.
1 012
1.013
1.014
1.015

' 1.016
1.017
1.018
1.019
1.020

1.021
1.022
1.023

.1.024-
1.025

1.026
1.027
1.028
1.029
1.030.

1.031',
1.032

' 1.033 '
1.034

'. .'LOSS - ..
1.036
1.037
1.038 . .

16.3
'16.0

15.8
15 J
15 2

.15.0

14.7
14.4
14.2
13.9.
13.7

13.4
13.1
12.9
12.6
12.3

111
11.8
11.5
11J .
11.0

10.7
10.5
10.2
10.0
9.7

9.4
9.2
8.9,
8.6
8.4

8.1 .
7.8 .'
7.8
7.3
7.0 ,
6.8
8.5
8.2 . ..

Hydrometer 1S2H

ActueJ
Hydrometer

0
1
2
3
4
5

'•' 8
7
8

': 9
10

11
12
13
14

15

18
17
18
19
20

21
22
23 '
24
25

28
27 '
28
29
30

•
.

Dec*.
i.. cm

18.3
18.1
18.0.
15.8
15.8
15.5

15.3 '•
15.2
15.0 ."
14.8.'
14.7

14.5'
14.3
14.2
14.0
13.3

13.7
13.5
13.3
13.2
13.0

12.9
12.7
12.5
12.4
12.2

12.0-
.11.9

.11.7 ,
' 1 1 .5

11.4

Actual I
Hydrometer

Reecng

31 •
32
33
34
35

t

' 36
37

., 38 •"
'" 39

*5

41 '
42
43
44
45 -

46 ' ' • ' •
. 47 '

48
49
50

'51
52 '
53 ••"
54 . ..
55

56-'
.57 :. '

. 53
59
60

'
''

. • • • • • , ' :

-."';• '. .'. I

- 1

-•"

OOC1.
L. cm

11.2
•11.1

10.9
10.7
10.J

10.4 -
.10.2
!io.i
" 9.9
' 9.7

' 9.3
9.4
92
9.1." •
5.9

^Ly< "
8.4

-.8.3
"*•''

7.9
,7.8
-7.8
'.7.4 -
-.7.3

7-.1 •
.7.0c

•• 8.S •
-6.6 .,"
'. 8.5 ;
i ( .

• . ••

>"• J-. • '
t ....,'

* Values ol effective Oepm are calculated from me equation: ••• •• • '•'• '
:" " :"' L - L, + V, [L, - (V./>)| '...,'.",'.

wnerei
jL - effective depth, cm. . • !. --•'.
L, — ̂ iT^^n^T along the aera of the hydrometer from the top of the bulb to ti-

mark Tor a hydrometer readinfc cm, , .
L, - overall length of the hydrometer bulb. cm. " •'"' *
y, - volume of hydrometer bulb, cm3, and . . •'
A - crosi-jectionil ana of sedimentation cylioder, cm2 -
Values used in calculating trie values in TaUe 2 art ai totowr.
For both hydrometers. 151H and 1S2H:
Lj - 14.0 cm
yt - 67.0 cmj

A - 27.S cm:

For hydrometer 151H:
Lt - 10.3 cm for a reading of 1.000

— 2.3 cm Tor a reading of 1.031
For hydrometer 152H:
Lt - 10.5 cm for a reading of 0 g/liire

- 2.3 cm for a reading of 50 g/lilrr

of the test results shall be made, plotting the diameters of the
particles on a logarithmic scale as the abscissa and the
percentages smaller than the corresponding diameters to an
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TABLE 3 Values of K lor U»e in Equation lor Computing Diameter of Particle in Hydrometer Analyiit

Temper.iure. So«*c Gr««ty o< Sol Pano«

"C 2.45 2.50 2.55 2.60

16 0.01510 001505 0.01*81 0.01*57
17 001511 001*86 001*62 001*39
18 001*52 001*67 00l**3 001*21
19 0.01*74 0.01«-*9 0.01*25 0.01*03
20 0.01*56 0.01*31 0.01*08 0.01386

21 0.01438 0.0141* 0.01391 0.01369
22 001421 0.01397 0.01374 0.01353
23 0.01404 0.01381 0.01358 0.01337
2* 0.01388 0.01365 0.01342 0.01321
25 0.01372 0.013*9 0.01327 0.01306

26 ' 0.01347 0.01334 0.01312 0.01291
27 0.01342 0.01319 0.01297 0.01277
28 0.01377 0.013O4 0.01283 0.01264
29 0.01312 0.01290 0.01269 0.01249
30 0.01298 0.01276 0.01256 0.01236

— 'thmetic scale as the ordinate. When the hydrometer
^_ Jysis is not made on a portion of the soil, the preparation
of the graph is optional, since values may be secured directly
from tabulated data. • •

18. Report '.'
18.1 The report shall include the following;
18.1.1 Maximum size of particles,
18.1.2 Percentage passing (or retained on) each sieve,

which may be tabulated or presented by plotting on a graph
(Note 16),

18.1.3 Description of sand and gravel particles:
18.1.3.1 Shape — rounded or angular,
18.1.3.2 Hardness — hard and durable, soft, or weathered

and friable,
18.1.4 Specific gravity, if unusually high or low,
1 8. 1 .5 Any difficulty in dispersing the fraction passing the

No. 10 (2.00-mm) sieve, indicating any change in type and
•\ount of dispersing agent, and

-—18.1.6 The dispersion device used and the length of the
dispersion period.

NOTE 16 — This tabulation of graph represents the gradation of the
sample tested. If panicles larger than those contained in the sample were
removed before testing, the report shall so state giving the amount and
maximum size.

18.2 For materials tested for compliance with definite
specifications, the fractions called for in such specifications
shall be reported. The fractions smaller than the No. 10 sieve

2.65 270 2.75 2. BO

001*35 001*1* 00139* 00137*
001*17 0.01396 001376 0.01356
001399 001378 0.01359 001309
001382 001361 0.01342 01323
0.01365 0.0134* 0.01325 0.01307

0.01348 0.01328 0.01309 0.01291
0.01332 0.01312 0.01294 0.01276
0.01317 0.01297 0.01279 0.01261
0.01301 0.01282 0.01264 0.01246
0.01286 0.012*7 0.01249 0.01232

0.01272 0.012S3 • 0.01235 0.01218
0.01258 0.01239 0.01221 0.01204
0.012*4 0.01255 0.01208 0.01191
0.01230 0.01212 0.01195 0.01178
0.01217 0.01199 0.01182 0.01165

(/) Gravel, passing J-IIL and retained on No. 4 sieve
(2) Sand, paxsint No. 4 sieve and retained on No. 200 sieve

(a) Coane sand, passinj No. 4 sieve and retained oo .
No. 10 sieve . ..-

(i) Medium sand, passing No. 10 sieve and retained on
No. 40 sieve

(f ) Fine sand, passing No. 40 sieve and retained oo No.
200 sieve

CJ ) Sat rize, 0.074 10 0.005 ram ' ...
(•* ) Cay size, smaller than .0.005 mm .

Colloids, smaller than 0.00 1 mm

18.4 For materials for which compliance
specifications is not indicated and when the
material retained on the No. 4 sieve sufficierj
sieve analysis on that portion, the results mav
follows (Note 17): . ."

SIEVE ANALYSIS
• •*_ . -i

Sieve Siie . ... ,

J-in.
2-in.
ISVin.
l-in.
fc-in.
*-in. . . ..
No. 4 (4.75-mm)
No. 10 (2.00-mm)
No. 40 <42J-»im)
No. 200 (75-tim)

HYDROMETER ANALYSIS
0.074 mm
0.005 mm
0.001 mm ' •

2 85

0.01256
001338
001321
0013C5
0.01289

0.01273
0.01258
0.012*3
0.01229
0.01215

0.01201
0.01188
0.01175
0.01162
0.01149

....'.......*

...........*
. . ; . . . . . . . . . %

.. . . . . . . . . %

. .. ......*

. . . . . . . . . . .%
- . . . . . . . . . . . %
. ........*

with definite
soil contains

t to require a
be reported as

Penxnuae
• ,. PasB&i

i «

shall be read from the graph. . • .
18.3 For materials for which compliance with definite

specifications is not indicated and when the soil is composed
almost entirely of particles passing the No. 4 (4.75-mm)
sieve, the results read from the graph may be reported as
follows:

NOTE 17—No. S (2.36-mm) »nd No. 50 (300-um) neves may be
substituted for No. 10 and No. 40 sieves.

19. Keywords .
19.1 grain-size; hydrometer analysis; hygroscopic mois-

ture; panicle-size; lieve analysis
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(jO M Designation: D 1140-54 (Reapproved 1990)'1

Standard Test Method for
Amount of Material in Soils Finer Than the No. 200 (75-jim)
Sieve1

Thij standard u issued under the fixed designation D 1140; (he number immediately following the designation indicate! the year of
original adoption or. in the case of revision, the year of Usi revision. A number in parentheses indicate the year of last reapprovjl. A
superscript epsilon («) indicates an editorial change since the last revision or reapproval.

Tliii standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue -xhich has beta adopted by the Department of Defense.

11 NOTE—Editorial changes were made throughout in September 1990.

1. Scope
1.1 This test method covers determination of the total

amount of material in soils finer than the No. 200 (75-um)
sieve.

2. Referenced Documents

2.1 ASTM Standards:
D422 Method for Panicle-Size Analysis of Soils2

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poses3

3. Apparatus
3.1 Sieves—A nest of two sieves, the lower being a No.

200 (75-um) sieve and the upper a No. 40 (425-um) sieve,
both conforming to ASTM Specification E l l .

3.2 Containers—A pan or vessel of sufficient size to
contain the test sample covered with water and to permit
vigorous agitation without advertent loss of any pan of the
sample, and a second pan or container for use in drying the
test sample after washing.

4. Test Sample
4.1 The test sample shall be selected from material that

has been thoroughly mixed. A representative sample, suffi-
cient to yield not less than the approximate weight of dried
material shown in the following table, shall be selected using
a sample splitter or by the method of quartering: •

Nominal Diameter of
Largest Panicle, in.

0.0787 (No. 10 sieve) (2.0 mm)
O.IS7 (No. 4 sieve) (4.75 mm)
¥4(19.0 mm)
I (25.0 mm)
l'/i or over (37.5 mm)

Approximate
Minimum Weight

of Sample, g

200
500

1500
2000
2500

5. Procedure
5.1 Dry the test sample to a constant weight at a temper-

1 This test method is under the jurisdiction of ASTM Committee D-IS on Soil
and Rock and is ihe direct responsibility of Subcommittee DIS.03 on Texture,
Plasticity and Density Characteristics of Soils.

Current edition approved Sept 15. 1954. Originally issued 1950. Replaces
D 1140-50 T.

2 Annual Book of ASTM Standards. Vol 04.08.
1 Annual Book of ASTM Standards. Vols 04.01.04.02.04.06. 05.05. and 14.02. •

ature not exceeding 230 ± 9 F (110 ± 5 C) and weigh to the
nearest 0.05 percent, or alternatively, weigh the test sample
moist and use an auxiliary moisture content sample to
determine the moisture content of the sample. The weight of
the moisture content sample shall be between 20 and 30
percent of the weight of the test sample. Calculate the
oven-dry weight of the test sample from the moist weight and
the moisture content.

5.2 Place the test sample in the container, add sufficient
clean water to cover it, and allow to soak a minimum of 2 h
(preferably overnight).

5.3 Agitate the contents of the container vigorously and
pour the wash water immediately over the nested sieves,
arranged with the coarser sieve on top. Repeat the process of
adding clear water to the container to cover the sample,
agitating the contents of the container, and pouring the wash
water over the nested sieves until the wash water is clear.
When the total sample is small, the entire contents of the
soaking container may be transferred to the nested sieves
after the first washing and the washing operation completed
in accordance with 5.4. The wash water need not be saved.

NOTE I—The percentage value secured ai the end of the test may not
be correct (being too low) for soils containing relatively high percentages
of the minus 200 fraction. This appears to be due chiefly to inadequate
agitation. When it is desired to secure the exact percentage for the minus
200 fraction for such a soil, the portion of the sample passing the No. -iO
sieve and retained on the No. 200 sieve secured in the washing
operation, shall be transferred to the dispersion cup of the stirring
apparatus used in Method D 422. The cup filled half full with water and
the contents agitated for 1 min. After this agitation the contents of the
cup shall be transferred to the nested sieves and washing continued.

If the stirring apparatus has not been used prior to the drying of the
portion of the sample larger than the No. 200 (75-|im) sieve, and it is
desired to do so after drying, the dried material shall be separated on the
No. 40 (425-u.m) sieve; the portion retained shall be saved: and the
portion passing shall be placed in the dispersion cup with water and
agitated for 1 min with the stirring apparatus as previously described.
The contents of the cup shall be transferred to the No. 200 sieve,
washed, and dried. The revised total weight retained on the No 200
sieve shall be secured by combining and weighing the two fractions

5.4 Transfer the sample to the nested sieves and wash with
running water (Note 2). When the sample is larger than csn
be handled at one time on the nested sieves, wash a ponion
of the sample and transfer to the container in which it is to
be dried.

NOTE 2—Tapping of sieves has been found to expedite the washing
operations.
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5.5 Dry the washed material retained on the nested sieves
in a container to a constant weight at a temperature not
exceeding 230 ± 9 F (I !0 ± 5 C) and dry-sieve it on the
nested sieves (Note 3). Weigh the dry material retained on
the nested sieves to the nearest 0.05 percent.

NOTE 3—Some maicrial passes the No. 200 (75-jim) sieve on dry
sieving that did not pass during the washing operation. When desired, a
sieve analysis may be made on the portion of the sample retained on (he
No. 200 sieve, in accordance with Method D 422.

6. Calculation
6.1 Calculate the results as follows:

P-[(W0- 100

where:
P = percentage of material finer than No. 200 (75-um)

sieve,
W0 = weight of original sample on an oven-cjry basis, g and
W\ — oven-dry weight of sample after washing and dry-

sieving, g.

7. Keywords
7.1 grain-size; No. 200 sieve; panicle-size; sieve analysis

The American Society (or Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any Hem mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard a subject to revision at any time by the responsible technical committee and mutt be reviewed every five years and
H not revised, either reapproved or withdrawn. Your comments are invited either tor revision of this standard or tor additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful considention at a meeting of the responsible
technical committee, which you may attend. H you teel that your comments have not received a lair hearing you should matte your
views known to the ASTU CommUee on Standards. 1916 Race St., Philadelphia. PA 19103.

' • ' ":' • '• (.' 'I.v'.Lvj.

1S6



Test Sieving: Principles and Procedures
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CHAPTER 1

WHAT IS SIEVING?

A simplistic definition of sieving is the removal of
fine material from coarse material by means of a
meshed or perforated vessel. Professor Terence Alien
characterizes sieving as "The aperture of a sieve may
be regarded as a series of gauges which reject or pass
particles as they are presented to the aperture." (V
This theory was actually in practice during the early
Egyptian era as grains were sized with 'sieves' of
woven reeds and grasses.

The level of sophistication increased with the rise of
the industrial society. As requirements for sized
material rose, technology in producing uniform sieving
media increased. Woven wire cloth was introduced as
an alternative providing greater accuracy and durabil-
ity. At present, this woven cloth is available in a range
of sizes from 5" openings to 20 micrometer openings.
All mesh sizes are covered by an array of both national
and international standards of tolerance.

The need for particle size anaylsis in the finer size
ranges (i.e. 38 micrometers and less) prompted the
development of the electrodeposited sieve. These
sieves, sometimes called electroformed or micromesh,
are currently being produced with openings as fine as
5 micrometers. The mesh openings are extremely
uniform in both size and shape and maintain a
tolerance of a maximum of 2 micrometer variation.

While the area of sieve analysis has come a long way
since the reed sieves of ancient Egypt, few new
developments have come along since the 1940's.
Professor Kurt Leschonski wrote "Sieve analysis is
one of the few methods of particle size analysis which
has escaped modernisation (sic)." (2)While the mod-
ernization has not come in the actual hardware of
sieving, refinements in the application and utilization
of existing equipment has proceeded.
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WOVEN SIEVE CLOTH
Variations in opening size and shc.pt ere corr.~r.on.

ELECTROFORMED SIEVE CLOTH
E'.ecirodeposited material showing uniformity in opening si:e cr.d s/ic;?.



CHAPTER 2
USES, LIMITATIONS AND ADVANTAGES

Harold Heywood wrote "I often refer to sieving as
the 'Cinderella', of particle size analysis methods; it
c es most of the hard work and gets little consideration.''^

There are numerous reasons for the selection of
testing sieves as a first choice in particle size anaylsis
v^rk. Leschonski put it "...because of its simplicity —
« eryone immediately understands the purpose of a
stack of sieves and its operation — and its inexpensive-
ness." (^Standard sieve analysis is probably the
i ;test and most widely used quality control procedure
L. any powder process control industry. Used frequently
as a mediating device between the production and
. les divisions of a process corporation or between the

1 "orce and the customer, test sieve analysis work
enjoys the universality of being the best 'quick and
''rty' test procedure for rapid particle size distribution

ita. The outcome of the analysis is easily calculated
and interpreted for comparison between laboratories.
Start-up cost to institute a basic sieving quality

mtrol program is minimal, and operators of most
icvels'of training are capable of performing a success-
ful sieve analysis. With these factors in mind, it is easy

• see why testing sieves are as ubiquitous as they are
industry. Materials from crushed ore chunks of over

4V£" in diameter to slurried alumina and porcelain
jwders of less than 20 micrometers are all analyzed
ith test sieves on a regular basis.
Whether hand or machine sieving, wet or dry

"reparations, analysis or production work, testing
s have found a niche in the quality control

ia<t*yratory. Given this overall acceptance of test sieves
as a viable analytical device and the widespread

resence of the sieve in laboratories in all industries,
~ny shortcomings of such an analysis device would be
magnified. For all of the advantages available to the

;st sieve user, limitations must be recognized and
ccounted for in data presentation and analysis.
Test sieves are individuals. Being fabricated of a

—oven mesh material, variations in the weave are
ommon. The chances of locating two sieves of identi-

cal distribution of opening sizes are extremely remote.
Because of these variations, reproducibility of test
esults between sieves is adversely affected. The

wtringent standards imposed by ASTM, ISO or other
regulating bodies have built tolerance factors which

How for the.variations in the weave while striving to
naintain a level of uniformity in 'test grade' sieve cloth.

(See Table 1.)

CLOTH WITH WIDE MESH VARIATIONS
Alternating areas of narrou: and irife mesh openings can s!gr.i,~.ccr.!l\
change sieve analysis results.

With this distribution of opening sizes present, some
smaller than the nominal and some larger, the time
interval of the sieve analysis becomes extremely
important. If, for example, a sieve has several openings
far above the tolerance for the particular mesh size,
and the'test is run for 30 minutes, the probability of
larger-than-nominal particles finding those oversize
openings is much greater than if the test was run for
only 15 minutes. Similarly, if the sample of powder
contains a large percentage of elongated or needlelike
particles, the longer the test interval, the greater the
likelihood that the elongated particles will orient
themselves 'on end' and pass through the openings. If
the sieve cloth has a wide range of opening sizes, the
sieving of such a material has a compounded error.

Another factor which must be carefully analyzed is
the reaction of the material to ambient conditions.
The most accurate test sieve available would be of



USES, LIMITATIONS AND
ADVANTAGES (cent.)

minimal use if the relative humidity in the test lab was
99%. Likewise, extremely dry conditions can cause
fine powders to adhere to the sieve parts and each
other with strong electrostatic charges. Other types of
sieving problems will be discussed in the glossary
section.

To minimize the error unavoidably introduced by
the wire cloth weavers, steps must be taken at every
step of fabrication that assure the uniformity of the
woven mesh as well as the compliance with the
applicable standards. Both the weaver and the test
sieve manfacturer must keep up a constant monitoring
program of actual opening sizes of the wire cloth as
well as the uniformity of those openings. The loss to
the manufacturers in rejected sieve cloth is a gain to
the end-user in uniformity and compliance. COMPARATOR

Profile projector specially designed and built for wire cloth end sie\:e
inspection.

CHAPTER 3
WORKING GLOSSARY OF SIEVING TERMS

Sieving terminology is frequently used and abused
in writing up specifications for materials. Listed below
are some of the most frequently used terms and a
general discussion of their meaning:

Blinding: plugging of the screen openings with
particles either exactly the same size as the sieve
opening or by fine particles which build up on the
meshes and eventually close off the openings. Fre-
quently referred to as pegging. (Photo Page 4)

Agglomerate: natural tendency of materials to
clump or ball together. This condition is very common
in materials with high fat or oil content or those with
fibrous or extremely irregular topography.

SIEVING MEDIA
(wlr* cloth, lh**t or plat*)

TOP (>IH*t)
SOLDER JOINT

BEAD

FULL HEIGHT
Height 2'/i", depth to cloth 2"

HALF HEIGHT
Height I'/.", depth to cloth 1*

Cover: stamped or spun lid which tightly covers
the top of a sieve to prevent the loss of the material
sample during sifting.

Electrostatic charges: accumulation of electri-
cal charges on the particles and sieve pans causing
clinging, agglomeration or blinding. This condition is
frequently seen in hydrocarbon based materials, plas-
tics, reactive metals, paint pigments and powders with
a large fraction below 20 micrometers.

a skinExtended rim pan: a sieving pan with
designed to nest within a sieve stack, allowing multiple
tests to be performed simultaneously. Frequently called a
nesting pan or spacer.



WORKING GLOSSARY OF
SIEVING TERMS (cont.)

COVER WITH LIFTING RING COVER WITHOUT LIFTING RING

EXTENDED RIM PAN
(Spacer)

Flow additive: powdered substance added to the
sample to reduce agglomeration, neutralize static
:harges and improve the flow characteristics of the
sample. Common additives are fine silica, activated
charcoal, talc, and other commercially produced syn-
thetic substances. Generally, the additive is pre-
screened to a known average particle size, blended
with the sample (approximately 1% additive by weight)
and then screened.

Frame: rigid side wall used to form body of the
testing sieve. Common depths are 2" (full height) and
1" (half height). Special application sieves of other

s are also in use.

Mesh: screening medium with openings of uniform
size and shape fabricated of woven, punched or
electrodeposited material.

Pan: stamped or spun receiver of materials passing
through the finest sieve.

Skirt: section of test sieve below the sieve mesh
which allows for mating or nesting of the sieves in a
test stack.

BLINDED SIEVE
Spherical and near-size particles can blind or peg in the sieve optr.ir^s.

Support mesh: coarse sieve cloth mounted under
fine sieve cloth in a test sieve to provide extra
strength. This is widely used in wet sieving operations
to protect the fragile fine sieve cloth. Frequently
called backing cloth or rolled backing cloth.

Test Sieve: screening medium (mesh) with open-
ings of uniform size and shape mounted on a rigid
frame, usually for laboratory testing or small scale
production applications. The frames can be made of
various materials, the most common of which are
brass and stainless steel in a cylindrical configuration,
having a diameter of 3", 5", 6", 8", 10", 12" or larger.

Wet sieving: the separation of fines from the
coarse portion of a sample while suspended in an
aqueous solution introduced to a testing sieve. The
liquid medium is used to negate static charges, break
down agglomerates and lubricate near-size particles.
After the fines have been washed through the sieve,
the residue is oven-dried and reweighed.



CHAPTER4
SIEVE SPECIFICATIONS — Domestic and International

The U.S. Sieve Series is a metric system based
series first suggested by the American Society of
Testing and Materials in 1913. The opening sizes in
this sieve series are in the ratio of the fourth root of
two. This numerical relationship was first suggested
by Professor P.R. Rittinger, a German researcher, in
1867.

In the fourth root of two series, every opening size is
1.189 times the opening size of the next smaller sieve.
This relationship continues into sieve opening .area
measurement. The U.S. Sieve Series provides that the
area of each sieve opening size is \¥i times the area of
the preceding' sieve size.

By using every other sieve in this number series, the
relationship becomes based on the square root of two
(1.414), with the area of the opening being twice that
of the preceding sieve size. Thus, by skipping two
sizes, you create an area ratio of 3 to 1, or by skipping
three sizes, you create a ratio of 4 to 1.

When selecting sieves from this series, any number
of sieves can be used for an analysis. Care must be
taken in selecting every sieve between two points,
every other sieve, every fourth sieve, etc., to keep
within the mathematical progression of the series.

After World War n, the International Standards
Organization (ISO) was formed in an attempt to
establish world standards. Though the U.S. Sieve
Series had proven to be effective and was in use
throughout the world; members of the ISO would not
accept the U.S. Sieve Series as a world standard.
Rather, they chose to adopt the Preferred Number
Series based on the roots of ten. The Preferred
Number Series was suggested by Charles Renard of
France in 1879. His system is based on the tenth,
twentieth and fortieth roots of ten (designated R-10,
R-20 and R-40). See Table 2.

Compromise was reached between the ISO and the
proponents of the U.S. Sieve Series when it was
discovered that every third value in the R-40/3 table is
in a step ratio of 1.885, sufficiently close to the fourth
root of two (1.1892) used by the U.S. Sieve Series. In
1970, slight adjustments were made in the U.S. Sieve
Series to align the series perfectly with the ISO
specifications.

Copies of these tables of specifications can be found
in Table 3.

CHAPTER 5

SIEVE CALIBRATION PROCEDURES

Quantifying and accounting for variations in test
sieve results have become two of the most important
topics in particle technology today. Once again, the
ubiquitous nature of stacks of test sieves in powder
labs around the world has contributed to scope of the
dilemma in sieve standardization and calibration. Kaye
states "The inaccuracies and the uncertainties of
characterization by sieve fractionation arise from the
experimental problems of determining the sieve resi-
dues and from the nonideal nature of the sieving
surfaces:"-Further, "The presence of a range of aperture
sizes in any real sieving surface is a source of error in
sieve based characterization studies since the theoreti-

cal or nominal size of the sieve is taken to be the
boundary limit for the sieve residue." (5)

Not only is the test sieve user plagued with variations
in the weave of the cloth, but confronted with the
effects of particle shape on sieving results. Nearly 50
years ago, A.M. Gaudin wrote "Powders with identical
size distributions, densities and chemical composition
may behave quite differently as a result of variations in
particle shape between samples. For example, powders
consisting solely of spherical particles are likely to
have good flow properties, while powders containing
needlelike particles will not." Further, "In addition, it
is impossible to isolate the concepts of panicle size



SIEVE CALIBRATION
PROCEDURES (cont.)

and shape, since the method of size measurement will
influence the particle size which is determined." W

Numerous approaches have been tried to compen-
sate for the effects of variations in wire cloth and
particle shape. The methods have fallen into 3 basic
categories: 1) inspection of the mesh to determine
opening size, 2) material testing of the sieves to
determine if sieves fall within performance specifica-
tions, and 3) a combination of methods 1 and 2,
assuring compliance with both opening size and per-
formance specifications.

Probably the most elementary of the inspection
•^thods is the use of the etched glass slide. This

^procedure relies on what is referred to as the 'Moire
Effect' which compares the number of meshes per
inch in the wire cloth sample to the number of lines per
inch etched on the glass slide. By microscopically
measuring the wire diameters, a rough estimate of the
opening size can be approximated. One major short-
coming of this procedure is the assumption that all
wire diameters within the sample are the same. A
slight variation in wire diameter can translate to a
significant change in opening size.

An alternative to this measurement approach is the
use of a high-powered optical comparator or profile
projector. In this method, powerful light sources
illuminate the mesh from both above and below and
project the image onto a glass screen. Calibrated
-nicrometer stages move the mesh sample in relation

a reference point allowing measurements with
accuracy of 1 micrometer to be made on both the
opening and wire diameter. The results are displayed
on a numerical readout. The broad field of view of the
comparator allows for a scan of a large number of sieve
openings, facilitating a more comprehensive picture of
the nature of the sieve cloth.

In material testing of sieves; powd,er samples are
run on subject sieves and the residue calculated.
These values are then compared with other sieves in
selecting what some refer to as 'matched' sieves.
There are a number of shortcomings in this procedure
also.'The fust and foremost problem encountered is
that of compliance. Conceivably, it is possible to find

hundreds of sieves that will provide the same per-
formance data when tested with a reference material
and still not meet ASTM standards. While the sieves
perform comparably, the fact that they do not meet
the basic criteria of ASTM specifications should
remove them from use as a U.S. Standard sieve.
Another problem encountered with material matching
is the use of reference samples which are different in
shape, size or density than the users' products. For
example, a manufacturer of spherical steel shot would
yield significantly different results on a sieve that had
been matched with an angular ground silica material.
In this case, both shape and density are considerably
different. The key to proper matching is the use of the
user's own product or a material which approximates
the product most closely.

The final approach is a combination of the first two
methods. First, the sieve is checked optically for
compliance with all applicable standards. Openings
and wire diameters are physically measured, not
averaged. After the sieve opening distribution has
been characterized and evaluated, actual material
testing can begin. During the material testing, samples
of the user's own product are used for the standardiza-
tion procedure. All tests are run for repeatability and
the variation between test results calculated. This
procedure yields a testing sieve with known values in
the two most essential parameters — compliance with
specifications and performance in an 'in vivo' setting.

An alternative that has been used with some suc-
cess is the use of correction factors between sieves.
Once a 'master set' of sieves has been established, a
reference sample is tested on the stack. The values are
calculated and retained. As new sieves are purchased,
the original reference sample is tested on the new set
and the values calculated. Any variations between the
sieve stacks can be compensated for with correction
factors or multipliers. For example, a sieve in stack 3
may retain more or less than the comparable sieve in
the master set. A multiplier of magnitude greater than
or less than 1 is necessary to calculate the comparable
retention value on that sieve when compared to the
master set. In this way, every sieve in use can be
compared to the master set to- standardize sieving
results. Whatever method you use, it is essential that
your starting point is grounded on the firm foundation
of ASTM specifications. The compliance is necessary
to assure uniformity between and %vkhin industries.



CHAPTER 6
PERFORMING THE SIEVE ANALYSIS

In obtaining meaningful sieve analysis data, three
major steps must take place. The first step is the
preparation of the sample material, the second step is
the performance of the actual sieving technique and
the final step is the computation, presentation and
analysis of the data.

Sample extraction and preparation is the most
commonly overlooked variable in siave standardization
programs. Testing bias can be added at many places
along the progression from material production to
data analysis. The way the samples are extracted from
the original bulk volume varies with the way the
materials are produced or stored. The ideal sampling
method is one which produces the most representative
sample with the least amount of material required.

The following paragraphs were first published in the
ASTM technical publication STP 447A. The collab-
orative efforts of the authors have produced a section
on sampling technique which cannot be improved
upon. 00

Sampling from a chute or belt
Good accuracy in sampling is obtained where materiel is

flowing from a chute or belt conveyor. The ideal place to
take the sample is just where the material drops from the
chute or belt When taking the sample, if the stream is small
enough, use a pail or other suitable receptacle which can be
swung completely across the flowing stream in a brief
interval of time and with a uniform movement Under no
circumstances should the sampling receptacle be allowed
to overflow, because the overflow would tend to reject a
higher proportion of the larger particles that exist in a
representative sample. Mechanical sampling devices are
available for selecting samples automatically from a stream
at uniform spaced intervals of time.

Sampling from carload shipments
of course bulk material

for coarse materials, such as crushed stor.e and gravel,
shipped in railroad cars, a recommended method is to dig
three or more trenches at least 1 foot (30.4S cm) deep and
approximately 1 foot (30.48 cm) wide at the bottom. Equal
portions are taken at seven equally spaced points along the
bottom of the trench by pushing a shovel downward into the
material and not by scraping horizontally. Samples from
trucks, barges, or boats should be taken in the same
manner as from railroad cars, except that the number of
trenches should be adjusted to size of the transportation
unit and tonnage involved.

Sampling from carload shipments
of fine bulk materials

One established method for sampling a carload of bulk
granular material is to take eight equal samples, (approxi-
mately 700 to 1000 grams each) from the bottom of a 1 foot
(30.48 cm) conical excavation. Samples should be suitably
spaced to represent the length and width of the car and then
combined into a single gross sample.

Sampling bulk shipments of fine material
with a sampling tube

An alternate and simpler method of sampling a carload,
or other bulk quantity of fine or granular material is by use
of a sampling tube which, for this purpose, should be Ifi
inches (38.1 mm) by approximately 6 feet (1.829 m). Five
or six insertions of the tube will produce approximately, a 2
pound (907-g) sample.

Sampling from a carload of bagged material
One method of sampling a carload of material shipped in

bags is to select, at random, a number of bags equal to the
cube root of the total number of bags in the car and to take
suitable portions (800 to 1000 grams for minus 6 mm
material) from each of the selected bags for a combined
gross sample.

Sampling from a pile
In sampling from a pile, particularly material like

crushed stone or coal containing large particles, it is
extremely difficult to secure samples that are truly repre-
sentative. At the apex of a conical pile, the proportion of
fines will be greater, while at the base, the percentage of
coarse particles will be greater. Therefore, neither location
will be representative of the whole. In a shoveling process,
every fifth or tenth shovel, etc., should be taken depending
on the amount of the sample desired. The sample should
consist of small quantities taken at random from as many
parts of the pile as are accessible and taken in a manner
that the composite will have the same grading as the larger
amount.

Reduction of gross sample to
test size for sieve analysis

After the gross sample has been properly taken, the next
step is to reduce it to a suitable size for the sieve analysis test
without impairing in any way the particle size distribution



PERFORMING THE SIEVE
ANALYSIS (cont.)

L CONING AND QUARTERING TECHNIQUE

characteristics of the original sample. This phase of the
operation should follow the applicable procedures described
in the succeeding sections, and should be performed with as
much care as was used in the collection of the gross sample
and in making the sieve test.

Coning and quartering

Pile the gross sample in a cone, place each shovelful at
the apex of the cone, and allow it to run down equally in all
directions. This will mix the sample. Tnen spread the
sample in a circle and walk around the pile, gradually

'ening the circle with a shovel until the material is
spread to a uniform thickness.

Mark the flat pile into quarters, and reject two opposite
quarters. Mix again into a conical pile, taking alternate
shovelfuls from the two quarters saved. Continue the
process of piling, flattening, and rejecting two quarters
until the sample is reduced to the required size.

Sample splitters and reducers
Cross samples, if not too large, may be reduced to test

sample size by one or more passes through a sample splitter
or Jones type riffler, which will divide a sample in half while
maintaining the particle size distribution of the original
sample. By repeated passes, the sample can be split into
quarters, eighths, etc., until the size of the sample desired is
obtained. For larger gross samples, sample reducers are
available which will select a representative 16 part with a
single pass. By just two passes through such a unit, a
representative 1 pound sample can be obtained from an
original 256 pounds. Three passes will give a 1 pound

8

sample from, two tons of material Always make sure that
the passages in the splitter or reducer are at least three
times the size of the largest particle in the sample. Do not
attempt to arrive at exactly the amount of material specified
for the test If a 50 gram sample is desired, arrive as near to
this amount as practicable, because it will make no
difference in the test percentage results whether the sarr.pl?
is slightly larger or smaller. In attempting to arrive at an
exact weight, the tendency is to discriminate by the removal
of sizes which are not representative of the whole, thus
destroying the representative quality of the sample.

16:1
SAMPLE REDUCER

SAMPLE SPLITTER



PERFORMING THE SIEVE
ANALYSIS (cont.)

Size of Sample in the Test
There is a natural tendency, although incorrect, to use

too large a sample in the test. In most cases, the smaller the
sample the more accurate the analysis. Testing sieves are
the same as a go or no go gauge and too large a sample does
not permit all the particles to present themselves to the
screen surface.

Generally speaking a 25 to 100 gram sample should be
used, however, if it is necessary to establish the correct
sample size follow the following procedure. With a sample
splitter accurately split, select samples of various weights
such as 25, 50, 100 and 200 grams. Run these various
sample sizes on a selected nest of sieves for a period office
minutes preferably on a mechanical sieve shaker. If the test
with the 100 gram sample shows approximately the same
percentage passing the finest sieve as the 50 grcm sample,
whereas the 200 gram sample shows a lower percentage,
this would indicate that the 200 gram sample is too large
and the 100 gram sample would be satisfactory. Then run
the 100 gram sample on the same set of sieves for the same
sieving time to see if you get repetitive results. Once the
correct size sample has been determined use this on all
sieve tests.

A useful table of recommended sample sizes for tests with
200 mm or 8" diameter sieves is Table 4. Note that the table
gives sample sizes listed by volume. Recommended sample
weights in grams can be determined by multiplying the
values in Column 3 and 4 by the bulk density (grams per
cubic centimeter) of the material to be tested rounded out
within a reasonable tolerance. If the actual bulk density of
a certain material is not known, the typical density factor
for the most nearly similar material listed in Table 5, may-
be used.

SIEVE SHAKER
Combined cl'culcr motion of
the sieve stack u.ith ailemccsig
shock from both below end
above makes this shcker ez-
tremely efftcdve from *-.' mesh
through #200 mesh and be-
low.

RO-TAP SIEVE SHAKER
Combined circular motion oftht sieve stack with shock from above the
sieve stack mixes and redistributes povder on the sieves. Applicc ble over
the ASTM E-ll sieve rangi.



PERFORMING THE SIEVE
ANALYSIS (cont.)

To perform the actual sieve analysis, screens should
be chosen in a sequence as described earlier. Use
either every sieve, every other sieve, every third sieve,
etc. between the desired size parameters. The use of
screens in this sequential order will allow for better
data presentation and a more meaningful analysis of
the test results. Care should also be taken in selecting
the proper sieves to avoid overloading any sieve with
an especially large material peak For example, a
specification may require 96% of the sample be
retained above a #50 mesh sieve. The proper way to
perform an analysis of this nature is to use 'relief
screens', that is, sieves in the 30, 35, 40 and 45 mesh
ranges to remove some of the burden from the critical
r "point of 50 mesh. If the relief screens are not used,
t>— particles of exactly 50 mesh size or slightly larger
will be driven through by the mass of material resting
above them. The screen cut point would be inaccurate
and sample would not meet the specifications for the
test.

The selected sieves should be assembled with the
coarsest sieve at the top of the stack, and the balance
of the stack in increasing magnitude of fineness (increas-
ing sieve numbers). The stack should be finished off
with a cover on the top sieve and a pan below the finest
sieve. At this point, the sieve stack is either shaken and
rapped by hand, or mounted in a sieve shaker with a
motorized or electrostatic drive mechanism.

While many applications still use the hand-shaken
method for sieving, motor driven shakers have proven
*" be much more consistent, not having to account for
x^rierences in operators. In the case of powder analysis
below the 100 mesh range, the sieve shaker should be
equipped with a device to impart a shock wave to the
sieve stack at regular intervals. This hammer or
rapping device is necessary to reorient the particles on
the screen and impart some shear forces to near-size
particles blocking the sieve openings.

The duration of the sieving interval is usually
regulated by industry standards, or by in-house control
specifications. Commonly, 10, 15 or 20 minute tests
are used as arbitrary sieving intervals. To determine
the best interval for a new material, or to double check
the accuracy of existing specifications, the following
procedure can be used. Select the desired sieves for
the analysis. Weigh up a sample of the material to be
tested and introduce it to the completed sieve stack.
Shake the sieve stack for a period of 5 minutes. Weigh
the residue in the pan and calculate the percentage in
relation to the starting weight. Reassemble the stack

SONIC SIFTEH
A liable clter^adi-e for /T.i?
powder sieving using c unique
oscillating cur column. The ef-
fective size rcngf is 5650 >>m
(3.5 mesh) through 5«m using
3" diameter ccr\iicfrcme sieves.
This method hcs the cdL-cnlcgfs
of high accuracy with a lou:
test time, while showing no
signs of parz.de cczizan or
screen wear.

and shake for one additional minute. Repeat the
weigh-up procedure and calculate the percentage. If
the percentage of fines increased more than 1/t
between 5 minutes and 6 minutes, reassemble the
stack and shake for an additional minute. The data can
be plotted as percentage throughput vs. time for each
data point you calculate. When the change in the
percentage of fines passing in the 1 minute period
drops below 1%, the test can be considered complete.
Record the total testing time for subsequent analysis.

Another type of sieve analysis is the wet sieve test.
In this method, the sample is weighed and then
washed through the finest sieve in the stack with
water, water with a wetting agent or some other
compatible solvent. After thoroughly washing the
fines from the raw sample, the residue is dried either
over a hot plate or in an oven. Care must be taken to
keep the temperature of the sieve below 300°F (149:C)
to avoid loosening of the sieve cloth or failure of the
solder joint. After drying, the residue is then sieved
normally on the balance of the sieve stack. The loss in
weight not accounted for on the coarse screens is
assumed to be fines.

Wet sieve analysis is especially helpful when working
with naturally agglomerated materials, ultrafme pow-
ders with severe static changes, and in samples where
fine particles tend to cling to the coarse fractions in the
blend. The disadvantages associated with wet sieving
are primarily the time period required to perform the
analysis due to drying time and the possible damage to
the sieve mesh by overloading. A common practice
with wet sieving operations is brushing or forcing the

10



PERFORMING THE SIEVE
ANALYSIS (cont.)

sample through the mesh while the liquid medium is
directed on the sieve. This pressure can distort the
sieve openings or tear the mesh at the solder joint
through stress.

" Once the sieving interval is complete, whether dry
or wet sieving is used, the residue on each sieve is
removed by pouring the residue into a suitable weigh-
ing vessel. To remove material wedged in the sieving
openings, the sieve is inverted over a sheet of paper or
suitable collector and the underside of the wire cloth
brushed gently with a nylon paint brush with bristles
cut to a 1" length. The side of the sieve frame may be
tapped gently with the handle of the brush to dislodge
the particles between brush strokes. At no time should
a needle or othdr sharp object be used to remove the
particles lodged in the wire cloth. Special care should
be taken when brushing sieves finer than 80 mesh.
Brushing can cause distortions and irregularities in
the mesh. The procedure is repeated for each sieve in
the stack and contents of the pan.

The individual weights retained on the sieves should
be added and compared to the starting sample weight.
Wide variations or sample losses should be determined
immediately. Compare the weights on each sieve with
the total sample weight and calculate the percentage
of the total retained at that point.

Presentation and analysis of the resulting data is
frequently made easier by plotting on one of a number
of graph formats. The most common graphic presenta-
tion is the plot of the cumulative percentage of
material retained on a screen (plotted on a logarithmic
scale) versus percentage (plotted on a linear scale).
The resulting curve allows a quick approximation of
the sieve size at the fifty percentile point of accumula-
tion. The curve also shows the smoothness of the
distribution by revealing the presence of bimodal
blends in the sample. Other plotting techniques include
log-log and direct plotting of micron size versus
percentage retained.

COMMONLY USED BRUSHING TECHNIQUE

Care should be exercised in the analysis of the data
in relation to the length of time the test was run. If your
sample contains a large amount of elongated or near-
size particles, the test results can be misleading. The
longer the sieving interval.the greater the percentage
of these problem particles passing through the screens.
Ideally each fraction should be inspected microscop-
ically after sieving to determine the integrity of the
sieve cut point.

Table 6 lists the ASTM published standards on
sieve analysis procedures for specific materials or
industries.

11



CHAPTER 7

SIEVE CARE AND CLEANING

Test sieves, like any other piece of analytical
laboratory equipment, require regular care to maintain
their performance standards. The sieves should be
kept clean and dry at all times, and stored either in the
cardboard carton provided or in a suitable cabinet. In
order for the test sieve to perform properly, the wire
cloth must be taut and free from variations in opening
size. For this reason, cleaning procedures must be
clearly delineated as part of a comprehensive sieving
program.

Test sieves should be cleaned ultrasonically on a
regular basis. For some installations, this may be done
at the end of a shift or at the end of a week, but must be
* ^ne regularly to assure good sieving results. The

^.^ves should be immersed in an ultrasonic cleaner
filled with a solution of a mild detergent and water.
The sieves should be cleaned for a suitable time
interval (follow manufacturer's instructions). Before
using, allow the test sieves to dry thoroughly. Regular
ultrasonic cleaning will prevent the buildup of particles
trapped in the mesh and prolong the useful life of the
sieve. For bet%veen test clean-up, brushing of the
mesh, sizes 100 and coarser, is allowable. For best
results, use a nylon bristle paint brush with the
bristles cut to a length of approximately 1". The mesh
should be brushed from the underside only with a
gentle circular motion. Vigorous brushing will distort
the sieve openings and reduce the effective life of the
sieve. Under no circumstances should particles lodged
:n the sieve openings be removed with a sharp object.

^Jhese particles should be removed in an ultrasonic
cleaner only. Brushing should be avoided on sieves
finer than, 100 mesh, as the fine wires are more likely to
bend,distort or even break. Brushing has a tendency
to loosen any wire cloth, but the fine ranges are even
more susceptible to this damage.

Similarly, cleaning sieves with a compressed air jet
is common, but can be disastrous to the 100 mesh and
finer range. The concentrated jet of air can do severe
'local' damage to the wire cloth, and significantly
loosen the wire cloth.

Generally, sieves can have an effective life of many
years with proper care. The wear that occurs over time
does not change the opening sizes, but does abrade
the 'knuckles' or crimps of the mesh. A sieve with a

noticeable sag to the mesh should be replaced. Fine
mesh sieves that have torn should not be resoldered,
as the localized heat of the soldering iron can distort
the openings. Epoxies have been used for repairs, but
usually tend to block a large percentage of the
openings. The typical epoxies also become too brittle
for the flexing of the wire cloth and can fracture with
use.

Good general laboratory procedure should be ob-
served with testing sieves as with any other piece of
test equipment. Testing should be performed with
clean, uncontaminated sieves, especially when using a
sieve for the first time. With proper care and cleaning
coupled with a good calibration procedure, any test
sieve should provide many years of consistent service.

WIRE CLOTH DAMAGED BY IMPROPER B R U S H I N G
/Vote the irregulcrldes in both opening size c.rjd shcpe.

12



EPILOG

We hope that the characterization of testing sieves and their uses presented in
this manual will serve as an enhancement to your current particle size analysis .
program. By maximizing the analytical advantage potential of testing sieves
while minimizing and compensating for shortcomings and inaccuracies, the
testing sieve can be a viable and precise testing tool Care, maintenance and
proper test procedure are as critical with a testing sieve as they are with other,
more sophisticated particle size analyzers.

Compliance with applicable industry, National and International specifica-
tions is essential. The intent of these regulating bodies is the formulation of
general standards to assure uniformity in testing standards observed by both
buyer and producer. The accepted specification should be the foundation for the
in-house testing procedure.

Testing accuracy is highly dependent on the technique of the operators.
Interpretation of data should be neither overstated nor understated in terms of
importance. The effects of variables must be understood, accepted and factored
into final data analysis to avoid these shortcomings.

By analyzing the total test sieve analysis program as we suggest from sample
preparation to data presentation, variations can be reduced, accuracy improved,
and productivity increased.

- 13
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U. S. A. STANDARD SIEVES ASTM SPECIFICATION E-l 1
Nominal Dimensions, Permissible Variations for Wire Cloth of Standard Test Sieves (U.S.A.) Standard Series

Sieve Designation ( iV)

Standard4 Alternative

Norsinal
Sieve

Opening,
in.'

Per=i*«ibie Variation
of Average Opening
from the Standard

Sieve Designation (v)
Intermediate
Tolerance (j)'

Maximum
Individual

OpeningU)

Nominal
WL-s

Diaae-jcr.
nun*

(1) (3) (5) (S)

125mm
106mm
100 mm''
90 mm

75 mm
63mm
53 mm
50mm1'
45 mm
37.5 mm
31.5 mm
26.5mm
25.0 mm*
22.4mm
19.0mm
16.0 mm
13.2 mm
12.5 mm1*
11.2mm
9.5 mm
8.0mm
6.7 mm
6.3 mm1'
5.6 mm
4.75 mm
4.00mm
3.35 mm
2.80 mm
2.36 mm
2.00mm
1.70 mm
1.40 mm
1.18mm
1.00mm
850 pro/
710 pm
600pm
500pm
425 pm
355pm
300pm
250pm
212pra
180pm
150pm
125pm
106pm
90pm
75pm
63pm
53pm
45pm
38pm
32pm
25pm
20pm

5 in.
4.24 in.
4 in.'
3',-i in.
3 in.
21/- in.
2.12 in.
2 in.'.
V.\ in.
IViin.
!'/« in.
1.06 in.
1 in.rf .
% in.
V» in.
Hin.
0.530 in.
'/tin.rf
Vu in.
%in.
Vi« in.
0.265 in.
'/« in.''
No. 31/:'
No. 4
No. 5
No. 6
No. 7
No. 8
No. 10
No. 12
No. 14
No. 16
No. 18
No. 20
No. 25
No. 30
No. 35
No. 40
No. 45
No. 50
No. 60
No. 70
No. 80
No. 100
No. 120
No. 140
No. 170
No. 200
No. 230
No. 270
No. 325
No. 400
No. 450
No. 500
No. 635

5
4.24
4
3.5
3
2.5
2.12
2
1.75
1.5
1.25
1.06
1
O.S75
0.750
0.625
0.530
0.500
0.438
0.375
0.312
0.265
0.250
0.223
0.187
0.157
0.132
0.11
0.0937
0.0787
0.0661
0.0555
0.0469
0.0394
0.0331
0.027S
0.0234
0.0197
0.0165
0.0139
0.0117
0.009S
0.0083
0.0070
0.0059
0.0049
0.0041
0.0035
0.0029
0.0025
O.CC21
O.C017
0.0015
0.0012
0.0010
0.0008

=3.7 rara
±3.2 am
±3.0 ram
±2.7 mm
±12 ma
±1.9 mm
±1.6 mm
±1.5 mm
±1.4 mrn
±1.1 mm
±1.0 mm
±0.8 mm
±0.8 mm
±0.7 mm
±0.6 mm
±0.5 mm
±0.41 mm
±0.39 mm
±0.35 mm
±0.30 mm
±0.25 mm
±0.21 mm
±0.20 mm
±0.18 mm
±0.15 mm
±0.13 mm
±0.11 nim
±0.095 mm.
±0.080 mm
±0.070 mm
±0.060 mm
±0.050 mm
±0.045 mm
±0.040 mm
=35 pm
±30 pm
±25 pin
±20pm
±19 pm
±16pm
±14 pm
±12pm
= 10 pa
±9pm
±S PCS
±7 pc:
= Spa
= 5p=
±5 pa
±4 pa
±4 pa
±3 pa
=3 pa
±3pm
±3 pa
±3 pa

130.0 mm
110.2mm
104.0mm
93.6mm
78.1 mm
65.6 mm
55.2 mm

.52.1 mm
46.9mm
39.1 mm
32.9mm
27.7mm
26.1 mm
23.4mm
19.9mm
16.7 mm
13.83mm
13.10mm
11.75 mm
9.97mm
8.41 mm
7.05mm
6.64mm
5.90mm
5.02mm
4.23mm
3.55 mm
2.975 mm
2.515 mm
2.135mm
1.320 mm
1.505mm
1.270 nun
1,060mm
925pm
775pm
660pm
550pm
471pm
396pm
337pm
233pm
242pm
207pm
174pm
147pm
125pm
108pm
91pm
77pm
66pm.
57pm
43pm
42pm
34pm
29pm

130.9mm
111.1 mm
104.8 mm
94.4mm.
78.7mm
65.2 mm
55.7mm

_52.6 mm ..
47.4 mm
39.5mm
33.2mm
23.0 mm

26.4 mm
23.7mm
20.1 mm
17.0 mm
14.05 mm
13.31 mm
11.94 mm
10.16mm
8.53mm
7.20mm
6.78 mm
6.04 mm
5.14 mm
4.35 mm
3.65 mm
3.070 mm
2.600mm
2.215 mm
1-SSOmm
1.565 mm
1.330mm
1.135 mm
970pm
815pm
695pm
585pm
502pm
425pm
363pm
306 pm
263pm
227pm
192pm
163pm
141pm
122pm
103pm
89pm
76 pa
66 pa
57 pa
50pm
41pm
35pm

8.00
6.40
6.30
6.08
5.SO
5.50
5.15

- 5.05
4.85
4.59
4.23
3.90
3.SO
3.50
3.30
3.00
2.75
2.67
2.45
2.27
2.07
1.S7
1.52
1.63
1.54
1.37
1.23
1.10
l.CO
0.900
0.810
0.725
0.550
O.ScO
0.510
0.450
0.390
0.340
0.290
0.247
0.215
0.1SO
0.152
0.131
0.110
0.091
0.076
0.064
0.053
0.044
0.037
0.030
0.025
0.02S
0.025
0.020

* The average diameter of the warp and of the shoot wires, laxen separately, of the cloth of any sieve shall not deviate ."rom the nominal values by more than the following-:
Sieves coarser than 600 im 5 percent
Sieves SCO to 125 urn 1'n percent
Sieve* finer than 125 cm 10 percent

* These standard designations correspond to the value* for lest sieve aperrj.-es recommended by the InMrr.adonal Standards Orjinhacon, Geneva. Sw-tieriar.d.
' Only approximately equivalent to the metric values in Colu.-nn 1.
rf These sieves are not in the standard aerie* but they have been included because they are in coraoon usage.
' These numbers (3-/7 to 635) are the approximate number of openings per linear L-.c>. but it u preferred thai the lieve be identified by the standard designadon LT railli.-eters or

micrometers.
/ 1000 inn — I mm.
* Not more than S* of the openings may fall between the limits set by the vajues in Column 5 and Column 6.
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INTERNATIONAL STANDARDS ORGANIZATION
PREFERRED NUMBER SERIES

R I O

Table 2
16

Bute lil
cullmcu

R:O R 4 0
•iict
(for ic

1.00

1.25

1.60

2.00

2.50

3.15

4.00

5.00

6.30

8.00

10.00

12.5

16.0

20.0

25.0

1.00

1.12

1.25

1.40

1.60

1.80

2.00

2.24

2.50

2.80

3.15

3.55

4.00

4.50

5.00

5.60

6.30

7.10
8.00

9.00

10.00

11.2

12.5

14.0

16.0

1S.O

20.0

22.4

25.0

•1.00
1.06
1.12

•1.13
1.25
1.32

•1.40
1.50
1.60

•1.70
1.80
1.90

"2.00
2.12
2.24

•2.36
2.50
2.65

•2.SO
3.00
3.15

•3.35
3.55
3.75

•4.00

4.25
4.50
4.75
5.00
5.30

•5.60
6.00
6.30

•6.70
7.10

•5.00
8.50
9.00

•9.50
10.00
10.6

•11.2

11.6
12.5

•13.2
14.0
15.0

•16.0
17.0
13.0

•19.0
20.0
21.2

"22 4
23 6
25.0

0.039 4
0.041 7
0.044 1
0.046 5
0.049 2
0.052 0
0.055 2
0.059 1
0.063 0
0.066 9
0.070 9
0.074 8
0.073 7
0.083 5
0.088 2
0.092 9
0.098 4
0.104 3
0.1102
0.118 1
0.124 0
0.131 9
0.1398
0.147 6
0.157 5

0.167 3
0.177 2
0.187 0
0.1969
0.208 7
0.220 5
0.236 2
0.248 0
0.263 8
0.279 5
0.315 0
0.334 6
0.354 3
0.374 0
0.393 7
0.417 3
0.440 9
0.464 6

0.492 1
0.519 7
0.551 8
0.590 6
0.629 9
0.669 3
0.703 7
0.74? 0
0.787 4
0.334 5
0.381 9
0.929 1
0.9S4 3

• — R-40/3 Str.t* • Ev.ry third ac=b«r of R-lO S.rti.
Stat u ASTM E-U C5A Su.nd».-d 5:.e»t Strlii.

R-tO — Tcoch Root of c*n neo
R-30 — T«Tntie& root of Un

R-tO — Foretti root o( un



COMPARISON TABLE
INTERNATIONAL TEST SIEVE SERIES

INTERNATIONAL
ISO 365 (T8L2): 1983

Apvrturt
ma

100.00
90.00
71.00
63.00

50.00
45.00

31.50
25.50
-

22.40
19.00
16.00
13.20
-

11.20 .
9.50
8.00
6.70
_
5.60
4.75
4.00
3.35
2.80
2.36
2.00
1.70
1.40
1.18
1.00
850pm
710*im
600pm
500pm

425pm
35oMm
300Mm
250Mm
212Mm

ISOpm
150 Mm
125pm
106pm
90pm

75pm
63^m
53pm
45*m
38*m

AMERICAN
ANSI/ASTM E-11-31

Op«nin|
• — <

106.00
100.00
90.00
75.00
63.00
53.00
50.00 .
45.00
37.50
31.50
26.50
25.00
22.40
19.00
16.00
13.20
12.50
11.20
9.50
8.00
6.70
6.30
5.60
4.75
4.00
3.35
2.SO
2.36
2.00
1.70
1.40
1.18
1.00

850pm
710pm
600«m
500pm

425pm
355*" rn
300pm
250pm
212pm
130pm
150pm
125pm
106pm

90pm

75,4111
63pm
OOpm
45 pm
33pm.

£quivt.'c=c
inch/Nu=b*r

4.24"
4.0"
3 1/2"
3"
2 1/2"
2.12"
2.0"
1 3/4"
1 1/2"
1 1/4"
1.06"
1.00"

7/8"
3/4"
5/8"

.530"
1/2"

7/16"
3/S"
5/16"
.265"

1/4"
~No. 3 1/2

4
5
6
7
8
10
12
14
16
18
20
25
30
35
40
45
50
60
70
80

100
120
140
170
200
230
270
325
400

BRITISH
BS410: 1978

Ap«rturt
r-r-

106.00
100.00
90.00
75.00
63.00
53.00
50.00
45.00
37.50
31.50
25.50
25.00
22.40
19.00
16.00
13.20
12.50
11.20
9.50
8.00
6.70
6.30
5.60
4.75
4.00
3.35
2.80
2.36
2.00
1.70
1.40
1.13
1.00

850Mm
710,jm
600 Mm
SOO^m

425pm
ooopm
300pm
250pm
212ym

ISOpm
150pm
125pm
106pm
90pm

75pm
63pm
5 nOpTTl
45pm
3Spm

EquiviJtst
BS M.ih

3
3 1/2

4
5
G
i
8

10
12
14
16
IS
22
25
30
35
44
52
60
72
eo

100
120
150
170
200
240
300
350
400

CANADA
S-GP-2M: 1976

Apcrcurt
mm

100.00
90.00
71.00
63.00
53.00

. 50.00
45.00

31.50
28.00*
25.00
22.40
20.00*
16.00
14.00*
12.50
11.20
10.00*
8.00
7.10*
6.30
5.60
.-
4.00
3.15*
2.80
2.50*
2.00
1.60*
1.40
1.12*
1.00

800* pm
710pm
-

500pm
400*pm
355pm
315*pm
250pm
200'pm
130pm
140*pm
125pm
lOO'pm
90pm

7l'pm
63pm
56*pm
45pm
36'pm

FRENCH
AFNOR NEX11-SO1: 1870

A?«.-s^»
' — ̂

100.00
90.00
71.00
63.00
53.00
50.00
45.00

31.50
28.00*
25.00
22.40
20.00*
16.00
14.00*
12.50
11.20
10.00*

8.00
7.10*
6.30
5.60
-
4.00
3.15*
2. SO
2.50*
2.00
1.50*
1.40
1.12*
1.00

SOO'prn
710pm
-

500 um
400Vm
355*m
315*pm
250prn
200'pm

ISOum
HO'pm
125-rn
100'wm
90 -m

71%m
63 ̂ m
56*pm
45iim
35%m

G E R M A N
BIN«1M: 1977

A?eru.-«
rn

100.00
90.00
71.00
63.00
53.00

• 50.00
45.00

31.50
2S.OO*
25.00
22.40
20.00*
16.00
14.00*
12.50
11.20
10.00*

S.OO
7.10*
6.30
5.50
-
4.00
3.15'
2. SO
2.50*
2.00
1.60*
1.40
1.12*
1.00

600*pm
710Mm

--
500 um
400'pm
355jm
315'pm
250^m
200%m
150Mrr.
140%.T1
125^m
100%m
90 ̂

71*Mm
63am
55'pm
45 ̂ m
3E*pm

'Closest eq'Mclen: to ISO 565 (TBL 2)

Table 3
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RECOMMENDED REPRESENTATIVE
BULK VOLUMES OF TEST SAMPLES

Used In 8" (203mm) Testing Sieves

BULK DENSITY OF PULVERIZED MATERIALS
IN FREELY POURED CONDITION0

Sundard Sieve Designation Bulk Volume of Material

Sundard

1

!5.0mm
22.4
19.0
16.0
12.5
11.2
9.5
8.0
6.30
5.60
4.0
2.80
2.0

1
^t)
710*m
500
355
250
180
125
90
63
45
38

Alternate

2
1 in.

7/8
3/4
5/8
1/2
7/16
3/8
5/16
1/4

No. 3 1/2
No. 5
No. 7
No. 10
No. 14
No. 18
No. 25
No. 35
No. 45
No. 60
No. 80
No. 120
No. 170
No. 230
No. 325
No. 400

Recommended Volume
of Miter*, for
Tot Sample

3
1800cm3

1600
1400
1000
800
800
600
500
400
400
350
240
200
160
140
120
100
80
70
60
50
40
35
30
25

Maiiruum Permitted
Votume on Sieve on

Cocplecoo of Sieving

4
SOOcra3

800
700
500
400
400
300
250
200
200
150
120
100
80
70
60
50
40
35
30
25
20
17
15
12

The recommended weight of material for a sieve test sample is
—leulated by multiplying the bulk volume figure in Column 3 by the

-.rtieular bulk density ir. grams per cubic centimeter of the materiel,
. ̂ unded out within a tolerance of ±25 percent.

„ i A»t Wt Avj. ?
Material Matenal *^

IbsVft.3 f/c=i3 IbsYft.3

Alumina 44 1.33 Garaet 163
Aluminum. Class beads To

catcined 133 2.05 Glass, crushed 66

Aluminum oxide 122 1.96 Glass cullet 93

Aluzainum shot 96 1.54 Crmsiu.
Ammonium nitrate 48 0.77 crushed 95

to 100
Ammonium - sulfate Gravel 90

... . to 100
61 0.98 Gypsura. calcined 53

Asbestos or* 54 0.37 Gypsum.
Bauxite ore 75 1.20 crushed 90

to 35 to 1.36 to 100
Bentonite 50 0.30 [rone ore 129

to 65 to 1.04 to 150
Bicarbonate of Kaolia 160

soda 57 0.91 Kya.-Jte 60
Borai 30 0.30 Lice, pound 60

to 61 to 0.98 60
Boric acid 53 0.93 Lime, bydrated 25
Calcite 90 1.44 Limestone.

to 105 to 1.63
Calcium carbide 75 1.30 crushed 85

- ... - . - - . _ to 100
Calcium Limestone.

carbonate 49 0.79 apirJtural TO
Calcium chloride 64 1.03 Marseille 106
Calcium Mapiecte 155

phosphate 5T 0.91 Marj;aeese ore 120
to 135

Carbon black 24 0.33 Marble, crashed 90
to 95

Cellulose powder 16 0.26 Metals, powdered
Cement. A!uni.".u.Ti 80

Portland 90 1.44 Copper 159
to 100 to 1.60

Cement clunker T5 1.20 Copptr-lead 364
to 80 to 1.23

Chrome ore 140 2.23 Iron 243
Cay 30 0.43 Nickel 253

toTS to 1.30
CoaL anthracite 35 0.33 Suirjeis steel 240

Coal bituminous 50 0.38 Tantalua 300

to 33
Coke. Ore. sintered 144

petroleum 25 0.40 Oyster shells.
to 40 toO.64

Copper ore 100 1.60 pound 29
to 150 to 2. 40

Cociuina >hell 80 1.23 P«r!i:e ore 65
to 75

Cora starch 40 0.64 planer, calcined 64
Diatomaceous Polyethylene

earth 31 0.50 peUeta 36
Dicalciutn Polyethylene

phosphate 64 1.03 powder 13
Dolomite. Poiy (viryl

crushed 90 1.44 chloride) 30
to 100 to 1.60

Feldspar, crushed 63 1.04 Pgush TT
to 34 to 1.33

Fcrrophosphoraus 196 3.14 Potaitiuc:
Fire clay SO 1.23 carbonate T9
Flour. »heat 34 0.33 P-^=ice 40
Flour, maiie 3T 0.39 Rubber, chopped 36
Fluorspar 90 1.44 Rubber, pound 20

to 120 to 1.92
Fly ash 49 O.T9 Phosphate rock T3

to 35
Fullers earth 30 0.44 Salt, flake 61

Io40 t o O O t

a — tV/terra tinftt faun a gu:tn. urtpnrseruie/tacl. C.'UT
mcurict ncordtd 6y a rvitarck Icoore:oo. Cnere/OT. Cne
tamflt u samp/* of tkt sane mouricl

"• 3Mate.--aJ

2.59 Salt, rock
1.22 SaX table
l.W Said

1.49 Sand, silica

Sawdust
1.52 Seacoai

to 1.60
1.44 Stale

to 1.60
0.93 Shot. =etal

Suica Cour
1.44 Silica ret

to 1.50
1.92 Soapstoce.

to 2.40
2.56 pulverized
1.09 Soda ash.
0.96 lifl-.t

0.40 Soda ash.
heavy

1.36 Soda, bicarbonate
to 1. 60

Sodiun rJc-s:e
1.12 Sodius phosphate
1.70 Sodiu= suifau
2.49 Steel p-:
1.92 Stone, erased

to2.13
1.44 Sujar. pir;ula:ed

to 1.52

1.23 Sujir. po«xered
2.71 Sulphur, c-jhed

5.i4 Talc, powder

3.50 Taic. inr.da,-
4.22 Trapnck.

erased
3.35

4.30 Triple ruperphos
0.67 phate. pozuiar

1.33 Tunjstea carsidi
L'rea p.-Js

0.47 Veriirjlire are

1.04 Wood c.--?J
to '..20

1.03 Z -̂.c dust
Zuroniur: occr

0 53 Z^cor^un tar.c

0.29

0.43

1.23

1.27
0.34
0.55
0.32

1.20
to 1.36

O J J

if*: 0/4 .'jarfs: c:~*"V? ic.
^S'-.T ccn 6/ ti^tt'jd 13

Av{.

iwr-J
66
75
JO

to 100
90

to ICO
13
42

100

220
27
45

40

25
to 33

55
to 55

57

73
43
95
22:
35

to 93
50

37
50

to 65
34

44

105
to 110

64

t 550
43

SO

12

1;;
2%
H:

"•' 5'':
ic.-. *-

VVi.
1 l-^

l.M
1.20
1.44

wl .50
l.<4

to :.ii
0.25
0.67

1.50

3.53
0.43
0.7:

0.6;

O . J O
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LIST OF ASTM PUBLISHED STANDARDS
ON SIEVE ANALYSIS PROCEDURES FOR
SPECIFIC MATERIALS OR INDUSTRIES

Material

ASTM
Desil-
cation

Sieve No.
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TitJe of Standard Dry Wet

. C 117 Test for Materials Finer Than
No. 2CO Sieve in Mineral Aggre-
gates by W'ashing a
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D 2539 TestforBauer-McNettWetClas-
sification of Asbestos Fiber

..... D 313 Test for Coarse Particles in Mix-
tures of Asphalt and Mineral
Matter
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Pelleted Carbon Black
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of Carbon Black
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.... D 2592 Test for Sieve Analysis of Dase-
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...... C 325 Method for Wet Sieve Analvsis
of Cenrr.ic Whiteware Clays
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Other products available from the publisher of this manual:

THE ATM SONIC SIFTERS

The Model L3P Laboratory Sonic Sifter

A viable alternative for fine powder sieving using a unique
oscillating air column. The effective size range is 5660 ^m
(3.5 mesh) through 5 ^m using 3" diameter acrylic frame
sieve. This method has the advantages of high accuracy with
low test times, while showing no signs of particle attrition or
screen wear.

Model P60 '

The Model P60 Production Sonic Sifter

60 square inches of screening area are available in this
single screen, single pass continuous feed sonic sifter. The
effective screening range is 5660 >^m (3.5 mesh) through 20
pm (635 mesh). Ideal for pilot plant and small production
application, this modular sifter is capable of input rates of up
to several hundred pounds per hour.

The Model P250 Production Sonic Sifter

Two 125 square inch screening modules provide input
rates of up to 1000 pounds per hour in this high accuracy,
single pass sifter. An upscaled version of the model P60.

Model P250



This manual was edited by Scott Nushart and Walter Mahlig.
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JOB:

JOt) HO.

Date __
Sheet_
Techs
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Checked Dy

BORING/SAMPLE

PAN NO.

START WT. X0r MYD(No Tare)
END WT./ REMARKS(No Tare)
1 1/2

1
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3/8

14
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(CIO

#16
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.
note: all technicians performing work arc required to i n i t i a l sheet,
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SIEVE ANALYSIS

JOB:

SAMPLE NO.

PAN NO.

Repcr: No.
Job No.
Date
Sheet cf

J
Start Sample Weight =

End Sample Weight =

Weight of P200 Loss =

P200 Loss Weight
Start Sample Weight

Sieve
• Size

2 1/2"
2"
1 1/2"
1"

3/4"
1/2"
3/0"
#4

Quartered
P#4 Wt =

#4

#8

#10

#16

#30

#40

#50

#30

#100

#200

Comm. Wt .
Retained

Percent
Passing

X
X
X
X
X
X
X
X

% P200
Loss

Multiplier

X
X
X
X
X
X
X
X

"

End Sample Weight

R #4 Sieve Weight ;
Difference in Weight =

Weight Difference = Mult
Start Sample Weight

% P200
Loss in
Washing

X

Percent
Passi no

X
X
X
X
X
X
X

Specifications

DA/ml f
[WEI-15-35]



GRAIN SIZE DISTRIBUTION TEST REPORT
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DIS Dig C.r C,j.

MATERIAL DESCRIPTION
o Brown
£ Brown
3 Brown

Lean CLAY, Little Sand
Lean CLAYi Some Sandi Trace Gravel
Lean CLAY, Trace Sand

1 Project No.: 5822.41
! °roject:

> Sample: TP-1 SAMPLE # 3 G 1.5-3.0 FT
A Sample: TP-2 SAMPLE #38 1.0-2.5 FT
3 Sample: TP-3 SAMPLE # 3 * 1.0-2.5 FT
Jate: 5/14/91

| GRAIN SIZE DISTRIBUTION TEST REPORT
WARZYH ENGINEERING INC.
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CHECKED BY A. ,vS

APPROVED BY 1/3-̂

Sheet No.
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Preset:
O Sample: Sample # 11
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MATERIAL DESCRIPTION
O Brown Fine-Coarse SAND, Some Silt & Clay, Trace Gravel

Project No.: 50422.00
Project:
0 Sample: BORING: 3 SAMPLE: 6C & 38.5-40.0 FT

Date: 07/14/89

GRAIN SIZE DISTRIBUTION TEST REPORT

WARZYN ENGINEERING INC.
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ENTERED BY: MML
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May 6, 1988
99194

PARTICLE-SIZE ANALYSIS OF SOIL

ASTM D 422-63

Procedure to make dispersing agent and calibration:

1. Add 40 grams Sodium Hexametaphosphate to 1000 cc of De-aired
Demineralized Water at 20°C. (160gm/4000cc)

2. Add 11.7 grams Sodium Bicarbonate to each lOOOcc of agent (brings PH
to 8.3) (35 gm/4000cc)

3. Allow to Stand for 24 Hours Before Using. Mix Thoroughly.

4. Mark Stock Solution with Date and Discard at 30 days.

5. Each Soil Sample Receives 125 ml of Stock Solution.

6. Add 125 ml of Stock Solution to a 1000 ml Sedimentation Cylinder and
Fill to the 1000 ml mark with Demineralized Water at 20° C.

7. Record Correction Factor with a 152H Hydrometer. Record Temp, (should
be 20°).



HYDROMETER CORRECTION

FLUID

Cold Tap Water

Hot Tap Water

Hot Tap Water

Cold Tap Water

Distilled Water

SOLIDS ADDED

None

None

Deflock Agent

Deflock Agent

Deflock Agent

HYDROMETER READING
GM/LITER (152 H Hydrometer)

+ 1

0

+6

+7

+6

99194.00
DWA/mml/DWA
[mml-401-92]
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Designation: D 854 - 83 American Association Stale
Highway and Transportation Otfoals Standard

AASHTONo.-T 100

Standard Test Method for
SPECIFIC GRAVITY OF SOILS1

This standard is issued under the fixed designation D 854; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (») indicates an editorial change since the last revision or reapproval.

1. Scope
1.1 This test method covers determination of

the specific gravity of soils by means of a pyc-
nometer. When the soil is composed of particles
larger than the No. 4 (4.75-mm) sieve, the
method outlined in Test Method C 127 shall be
followed. When the soil is composed of particles
both larger and smaller than the No. 4 sieve, the
sample shall be separated on the No. 4 sieve and
the appropriate test method used on each por-
tion. The specific gravity value for the soil shall
be the weighted average of the two values (Note
1). When the specific gravity value is to be used
in calculations in connection with the hydrome-
ter portion of Method D 422, it is intended that
the specific gravity test be made on that portion
of the soil which passes the No. 10 (2.00-mm)
sieve.

NOTE 1—The weighted average specific gravity
should be calculated using the following equation:

1

where:

Pi =

<?i =

100(7, 100G2

= weighted average specific gravity of soils
composed of particles larger and smaller
than the No. 4 (4.75-mm) sieve,
percent of soil particles retained on the
No. 4 sieve,
percent of soil particles passing the No. 4
sieve,
apparent specific gravity of soil particles
retained on the No. 4 sieve as determined
by Test Method C 127, and
specific gravity of soil particles passing the
No. 4 sieve as determined by this test
method.

1.2 The values stated in acceptable metric
units are to be regarded as the standard.

1.3 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safety and health practices
and determine the applicability of regulatory limi-
tations prior to use.

2. Applicable Documents
2.1 ASTM Standards:
C 127 Test Method for Specific Gravity and

Absorption of Coarse Aggregate2

C 670 Practice for Preparing Precision State-
ments for Test Methods for Construction
Materials2

D 422 Method for Particle-Size Analysis of
Soils3

E 12 Definitions of Terms Relating to Density
and Specific Gravity of Solids, Liquids, and
Gases"

3. Definition
3.1 specific gravity—the ratio of the mass of a

unit volume of a material at a stated temperature
to the mass in air of the same volume of gas-free
distilled water at a stated temperature (per Defi-
nitions E 12).

1 This test method is under the jurisdiction of ASTM Com-
mittee D-18 on Soil and Rock and is the direct responsibility of
Subcommittee D18.03 on Texture, Plasticity, and Density Char-
acteristics of Soils.

Current edition approved Nov. 28, 1983. Published January
1984. Originally issued as D 854-45. Last previous edition
0854-58(1979).

1 Annual Book of ASTM Standards, Vol 04.02.
1 Annual Book of ASTM Standards, Vol 04.08.
4 Annual Book of ASTM Standards, Vol 15.05.

t in
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4. Significance and Use
4.1 The specific gravity of a soil is used in

almost every equation expressing the phase rela-
tionship of air, water, and solids in a given vol-
ume of material.

4.2 The term "solid particles," as used in geo-
technical engineering, is typically assumed to
mean naturally occurring mineral particles that
are not very soluble in water. Therefore, the
specific gravity of materials containing extra-
neous matter (such as cement, lime, etc.), water-
soluble matter (such as sodium chloride), and
soils containing matter with a specific gravity of
less than one, typically require special treatment
or a qualified definition of specific gravity.

5. Apparatus
5.1 Pycnomeier—Either a volumetric flask

having a capacity of at least 100 mL or a stop-
pered bottle having a capacity of at least 50 mL
(Note 2). The stopper shall be of the same ma-
terial as the bottle, and of such size and shape
that it can be easily inserted to a fixed depth in
the neck of the bottle, and shall have a small hole
through its center to permit the emission of air
and surplus water.

NOTE 2—The use of either the volumetric flask or
the stoppered bottle is a matter of individual preference,
but in general, the flask should be used when a larger
sample than can be used in the stoppered bottle is
needed due to maximum grain size of the sample.

5.2 Balance—Either a balance sensitive to
0.01 g for use with the volumetric flask, or a
balance sensitive to 0.001 g for use with the
stoppered bottle.

6. Calibration of Pycnometer
6.1 The pycnometer shall be cleaned, dried,

weighed, and the weight recorded. The pycnom-
eter shall be filled with distilled water (Note 3)
essentially at room temperature. The weight of
the pycnometer and water, Wa, shall be deter-
mined and recorded. A thermometer shall be
inserted in the water and its temperature T, de-
termined to the nearest whole degree.

NOTE 3—Kerosine is a better wetting agent than
water for most soils and may be used in place of distilled
water for oven-dried samples.

6.2 From the weight W0 determined at the
observed temperature T, a table of values of
weights Wa shall be prepared for a scries of
temperatures that are likely to prevail when

weights Wh are determined later (Note 4). These
values of \Va shall be calculated as follows:
W* (at 7,)

= (density of water at Tx/densitv of water at T,)
T,)- H-»+ »'f

where:
Wa = weight of pycnometer and water, g,
Wf — weight of pycnometer. g,
Ti = observed temperature of water, * C, and
Tx = any other desired temperature, ' C.

NOTE 4 — This method provides a procedure that is
most convenient for laboratories making many deter-
minations with the same pycnometer. It is equally
applicable to a single determination. Bringing the pyc-
nometer and contents to some designated temperature
when weights W, and Wb are taken, requires consider-
able time. It is much more convenient to prepare a
table of weights Wa for various temperatures likely to
prevail when weights Wt are taken. It is important that
weights Wa and Wt be based on water at the same
temperature. Values for the relative density of water at
temperatures from 18 to 30"C are given in Table 1.

7. Sampling
7.1 The soil to be used in specific gravity test

may contain its natural moisture or be oven-
dried. The weight of the test sample on an oven-
dry basis shall be at least 25 g when the volumet-
ric flask is to be used, and at least 10 g when the
stoppered bottle is to be used.

7.2 Samples Containing Natural Moisture —
When the sample contains its natural moisture,
the weight of the soil, W,,, on an oven-dry basis
shall be determined at the end of the test by
evaporating the water in an oven maintained at
230 ±9T (1 10 ±5'C) (Note 5). Samples of cla>
soils containing their natural moisture content
shall be dispersed in distilled water before placing
in the flask, using the dispersing equipment spec-
ified in Method D 422 (Note 6).

7.3 Oven-Dried Samples — When an oven-
dried sample is to be used, the sample shall be
dried for at least 12 h, or to constant weight, in
an oven maintained at 230 ±9°F ( 1 1 0 ±5°C)
(Note 5), cooled in a desiccator, and weighed
upon removal from the desiccator. The sample
shall then be soaked in distilled water for at least
12 h.

NOTE 5— Drying of certain soils at 1 10'C may bring
about loss of moisture of composition or hydralion.
and in such cases drying shall be done, if desired, in
reduced air pressure and at a lower temperature.

NOTE 6 — The minimum volume of slurry that can
be prepared by the dispersing equipment specified in
Method D 422 is such that a 500-mL flask is needed as
the pycnometer.
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8. Procedure
8.1 Place the sample in the pycnometer, tak-

ing care not to lose any of the soil in case the
weight of the sample has been determined. Add
distilled water to fil l the volumetric flask about
three-fourths full or the stoppered bottle about
half full.

8.2 Remove entrapped air by either of the
following methods: (7) subject the contents to a
partial vacuum (air pressure not exceeding 100
mm Hg) or (2) boil gently for at least 10 min
while occasionally rolling the pycnometer to as-
sist in the removal of the air. Subject the contents
to reduced air pressure either by connecting the
pycnometer directly to an aspirator or vacuum
pump, or by use of a bell jar. Some soils boil
violently when subjected to. reduced air pressure.
It will be necessary in those cases to reduce the
air pressure at a slower rate or to use a larger
flask. Cool samples that are heated to room
temperature.

8.3 Fill the pycnometer with distilled water,
clean the outside and dry with a clean, dry cloth.
Determine the weight of the pycnometer and
contents, Wh, and the temperature in degrees
Celsius, Tx, of the contents as described in Sec-
tion 6.

9. Calculation and Report
9.1 Calculate the specific gravity of the soil,

based on water at a temperature Txt as follows:
Specific gravity. TJT, = WJ\W. + (Wa- W>)\

where:
W,, = weight of sample of oven-dry soil, g,
Wa = weight of pycnometer filled with water at

temperature Tx (Note 7), g,
Wt, = weight of pycnometer filled with water

and soil at temperature Tx, g, and
Tx = temperature of the contents of the pyc-

nometer when weight Wh was deter-
mined, * C.

NOTE 7—This value shall be taken from the table
of values of Wn prepared in accordance with 6.2, for
the temperature prevailing when weight Wb was taken.

9.2 Unless otherwise required, specific gravity
values reported shall be based on water at 20"C

The value based on water at 20°C shall be cal-
culated from the value based on water at the
observed temperature Tx, as follows:
Specific gravity, TJ20 C =

A' x specific gravity, TJT,

where:
K= a number found by dividing the relative

density of water at temperature Tx by the
relative density of water at 20°C. Values for
a range of temperatures are given in Table
1.

9.3 When it is desired to report the specific
gravity value based on water at 4°C, such a
specific gravity value may be calculated by mul-
tiplying the specific gravity value at temperature
Tx by the relative density of water at temperature
Tx.

9.4 When any portion of the original sample
of soil is eliminated in the preparation of the test
sample, the portion on which the test has been
made shall be reported.

10. Precision and Bias
10.1 Criteria for judging the acceptability of

specific gravity test results obtained by this test
method on material passing the No. 4 (4.75-mm)
sieve are given as follows (Note 8):

Material and Type Index

Single-operator precision:
Cohesive soils
Noncohesive soils

Muliilaboraiory precision:
Cohesive soils
Noncohesive soils

Standard
Deviation'4

0.021
i

0.056
/

Acceptable
Range of

Two Results
(percent of

mean)1*

0.06s

0.16
a

* These numbers represent, respectively, the ( I S ) and (D2S)
limits as described in Practice C 670.

'Criteria for assigning standard deviation values for non-
cohesive soils are not available at the present lime.

NOTE 8—The figures given in Column 2 are the
standard deviations that have been found to be appro-
priate for the materials described in Column I. The
figures given in Column 3 are the limits that should
not be exceeded by the difference between the results
of two properly conducted tests.



TABLE I Relative Density of Water and Conversion Factor
K For Various Temperatures

Temperature,
•c
18
19
20
21
22
23
24
25
26
27
28
29
30

Relative Density
of Water

0.99862-14
0.9984347
0.9982343
0.9980233
0.9978019
0.9975702
0.9973286
0.9970770
0.9968156
0.9965451
0.9962652
0.9959761
0.9956780

Correction
Factor K

1.0004
1.0002
1.0000
0.9998
0.9996
0.9993
0.9991
0.9989
0.9986
0.9983
0.9980
0.9977
0.9974

The American Society for Testing and Materials lakes no position respecting the validity of any patent rights asserted in connection
\\-iih any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited cither for revision of this standard or for additional
standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which yon may attend. If you feel that your comments have not received a fjir hearing you should
make your views known to the ASTM Committee on Standards. 1916 Race St.. Philadelphia. Pa. 19103.



SPECIFIC GRAVITY OF SOIL SOLIDS (C,)

Pro jec t .

Location ol Pro ject .

Description of Soil _

Tested By _____

Job No..

Boring No. .Sample No.

Depth of Sample.

Date of Testing _

Test no.

Vol. of flask at 20"C

Method of air removal"

Wt. flask + water + soil = U'tl>,

Temperature, *C

Wt. flask + water' = W4..

Evap. dish no.

Wt. evap. dish + dry soil

Wt. of evap. dish

Wt. of dry soil = W,

wr-w. + wt..-wt..

c;. = awjw,.

•Indicate vacuum or aspirator lor air removal.
kU'», is the weight of the Mask MHed with water with the same quantity ol dispersing agent as added to t^e soil-water

mixture and at the same temperature.

Remarks.

Average specific gravity of soil solids (C,) =•
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